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There is a crisis in science education. Advances in 
sciience and tec^hndjb^ have transformed bur lives 
in recent decades, and will contmue to do so at an 
ever-increasing rate. Responsible citizenship in this demo- 
cracy requires citizens who can make informed decisions on 
the uses of science. Yet most Americans still regard science 
as the province of stereotypical eccentric geniuses and wild- 
eyed mad scientists. 

Science is riot yet viewed as an integral part of either the 
school curriculum or our da^y-to-day lives. Mariy otherwise 
educated Americans are illiterate in science: Otherwise com- 
petent teacheis are afraid to teach science, and students are 
afraid to erirdll iri science courses. 

The root of the present crisis — and^he fertile seedbed of 
a brighter future in sdence education — is the elementary 
teacher preparatory program. If teachers can be taught to 
present science in ways that reflect what we now kridw 
about the nature of science and the way children learn 
science, tpmprrqw will be brighter for their students and 
their students' children. 

At the present time, elementary teachirig studerits are 
likely to take too few courses in math and science: The 
courses they do take are likely to be designed for career 
scientists, riot teachirig gerieralists. Our search for exem- 
plary preservice elementary science programs aimed to 
uncover the exceptions to this sorry situation. 

Each of the seven exemplary programs described in this 
volume is carefully des[gried to focus ori the science skills, 
knowledge, and attitudes that students need. Facujty in 
each program model effective teaching behaviors, and pre- 
pare teachers for creative adaptation to a dynamic future. 

Studerits whose teachers are trairied iri these programs 
will learn with enthusiasm, and demand continued excel- 
lence in science education as they enter secondary schools. 
Pressure for imprbvemerit iri secondary school science will 
result in better prepared candidates eriteririg prescfrvice 
programs— and we will all move forward with the cycle of 
excellence thus begun. 

—John E. Penick 
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Chapter 1 
ExGellenee in 
Preservice 
Elementary 
Teaeher Education 
in Science 

Barbara S. Spector 
University of South Florida 
Tampa, Florida 33620 



^nj^he quality of life in pur society is, and promises to 
I continue to be, highly dependent on science and 
JL technology. Biotechnology is altering bur ecbhbmy 
and job markets through changes in agriculture, industry, 
L^J^J^f^i^jr^- 3re dh the verge of breakthroughs in 
many areas, from cleaning up bil spills tb curing major 
human diseases. Even now, each of as makes dally deci- 
sibhs that are based on science and technology. The need 
for scientific and techriblbgical literacy is inescapable. 
_ Where can the American people turn tb meet this heed? 
Science educators can exercise leaderehip in providing the 
topis to cbpe with and make a difference in this changing 
world. There Is a growing realizaii^ that students' atti- 
tudes towards science are formed In the elementary grades. 
These attitudes determine a student's capacity to learn 
^'^'^'!^9^^n^_"D^^rstand the technology upon which our 
society is based: 

The current national focus on science education began 
with attention to science in the secondary schools in 1982. 
^^^J^^^oys s^?^?? P^she^^ excellence in secondary school 
science^ a common lament began to be heard frbm second- 
ary science teachers:— "If students had decent science pro- 
grams in elementary school, they would at least come to us 
with positive attitudes towards science, and some science 
skiJls on which we could build!" 

Their cry has been heard. The national attention which 
focused first bri secbridary science is beginning to extend to 
the elementary schools. Some states arid schobl districts 
have responded by requiring that science be taught in the 
elementary- grades a certain number of minute? per day or 
P^^^_^^X\Qt]^"^_^s^^^^^^ implementing district 

or state-wide tests to ensure that studerits attain basic 
science skills during their elementary school years: 

Effective elementary science programs and effective 
e[ementary scierice teachers are the keys to developing 
appropriate attitudes and skijls in studerits. But today science 
anxiety runs rampaat among this country's elemeritary 
teachers. A study by Stake and Easley (1978) suggests that 
the riatibri's elementary students have a 
single year in which a substantia[ share bf the curriculum is 
devoted to science, and the teacher does a good job of teach- 
irig it. Many teachers ignore science complete!/, 

^'^*^r'*^^ _'*^^^^ty with the "back fo basics" 

movement (in which science was excluded frbmi trie basics) 
to inhibit progress in elementary science teaching at a time 
^^^"^^ rieed for scientific and technological expertise is 
growing daily: 

The science education community must face ^nd con- 
9yA^A^J^0^J^ f*!^^^ Educatibrial institutions with teacher 
preparation programs must ideritify arid prbpagate prac- 
tices that relieve science anxiety, and provide teachers with 
the attitudes, skills, and knowledge to teach science effec- 
^vely at the tjme wheri childreri's minds lend themselves 
most readily to inquiry, exploration, arid disa?very. It is 
easier to prepare teachers properly than it is to provide 
reriiediatibri once they have been certified and are leaching. 

In 1981, NSTA's Steering Cbriinriittee on Teacher Educa- 
tion, chaired by Ken Mechling, set out tb gather the data 
for a portrait of science- teacher preparation in the 1980s: 
Stedriiari arid Dow ling studied certification practices; Dcn- 
nellan investigated elementary teachers' perceptions of their 
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preparation for teaching science;, and Mechling inquired 
into jjrbgram require merits in science for preservice ele- 
mentary teachers: These data revealed the need to identify 
a desired state for preservice elementary teacher education 
programs arid to identify practices leading to the desired 
state. 

The certification study found serious inconsistencies 
among the 46 states which responded. Ninetee?. states 
require some science for early childhood certification, and 
36 states require science for elementary certification. Most, 
however, do not identify which science courses preservice 
teachers are to take. 

Orily severi states specify even orie course in biology or 
physical science. Presumably, preservice teachers can satisfy 
their requirements by taking. courses, with very limited 
classroom application, such as Famous Scientists, Food and 
Drugs, or Kiriesio[dgy. Moreover, drily drie quarter of the 
states demand a science methods course for elementary 
certification (Stedman & Dowling, 1982). ElemerLtary teach- 
ers, scierice sujpervisbrs, and eleriientary school principals 
all agree that most elementary presetvice training inade- 
quately prepares teachers to teach science (Donnellan, 1982). 

Mechling surveyed the 50 institutions of higher educa- 
tibri with the largest number of teacher education gradu- 
ates in the U. S. during the 1979-80 academic year. His data 
indicate that in half of the responding institutions preser- 
vice teachers were not required to earn any more science 
credits than nori-scierice majors who were not plannirig to 
teach. Eight credits or less were considered adequate fdr 
both groups. Most institutions did not even specify disci- 
plines in their graduation requirements for teachers. As a 
result, many teachers havie Had no preparation in either 
physical or Earth science, both critical subjects in the ele- 
mentary curriculum. 

The scierice courses teachers commonly take are surveys 
^^^JSr*^^ fo^ J^o^'Scie^^^ majors. Their only alternative is 
to enroll in courses designed as the first steps of series for 
people who intend to work in traditional science profes- 
sions. In neither case is the preservice teacher likely to see 
any relationship be tweeeri the cdriterits of these courses 
and the science he or she will teach in elementary school. 
Only one third of the responding institutions offered science 
courses which were specif ically developed to meet the needs 
of prospective elementary teachers. 

_ During 1981-1952, the Teacher Education Committee of 
NSTA addressed the question: What kind of science teacher 
prepara t idri wd u Id prdd u ce a co n fid en t begi ri n i rig t e^rh e r 
able to provide young children with a positive attitude 
toward science and relevant science content and skills? 
(Sirice elementary teacher educah'on traditionally integrates 
all the subjects taught iri K through 6, iricludirig scierice, 
into one comprehensive program, scknre ieadter prepnraUon 
here indicates those courses, learning opportunities, and 
exf?erierices that prepare a person to teach elementary 
science, as opposed tojanguage arts, mathematics, etc.) The 
committee's work culminated in the following recommended 
standards. 

Simdaf-d la: Svfence Conieni Prepfamtion 

All colleges and universities should require j minimum 
of 12 semester hours or 18 quarter hours of laboratory or 
field-oriented science, including courses in each of these 
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areas: biological science, physical science, and Earth science. 

Siandard lb: Science Confent Courses for Eletnentary Teachers 

These courses should be designed specificaliy to sierve 
the needs of preservice elementary school teachers. They 
should 

• Provide knowledge of scierice content selected for its 
application to elementary school classrooms 

• Increase skill in using the processes of science 

• Develop pidsitive attitudes tow^ard science arid scierice 
instruction at the elementary schddl level 

If student enrollment does not warrant separate courses 
in scierice content for preservice elementary teachers, the 
^?9"J^?^_?^^?"^^ bourses should reflect the special needs of 
these preservice teachers. 

Standard Ua: Science Teaching Methods 

Preservice e[ementary teachers should be required to 
complete a minimum of one separate courst- of approxi- 
mately three semester hours in elementary science methods. 
This course should be scheduled after the science content 
courses and just prior to studerit teaching. 

Standard Ub: Confent of the Science Teaching Methods Course 

The elementary science methods cdurse shduld develop 
instructional skills which will help preservice teachers teach 
science processes, attitudes^ and content to children in grades 
K-6._The cdurse shduld alldw prospective teachers 

• To experience hands-on activities which promote process 
skill development 

• To select scierice content appropriate for the elementary 
school 

• To design classroom environments that promote poFiHve 
attitudes 

• Td chdose arid use a variety of instructional strategies 
and materials 

• To develop techniques for evaluating pupil progress in 
science 

Standard Uh Field Ejcperiences 

Preservice elementary teachers should have opportuni- 
ties throughbut their undergraduate years to teach science 
to children iri schbbls. These field experierices in science 
should begin with observation and tutoring and proceed 
"through small and large group instruction. Student teach- 
ing must include experience in planning and teaching 
science. 

Standard Faculty Preparation 

Faculty assigned tb teacH science content and methods 
courses for preservice elementary teachers shduld have the 
qualifications, experience, and interest to provide high qual- 
ity instruction. They should be be instructed in science 
labdratdries and educatidrial facilities that iriclude equip- 
ment, instructional materials, and library holdings 
which promote science learning and exemplify outstanding 
schodl science programs. 

Standard V': Professional Orientiition 

The professional orientation of preservice elementary 
teachers should include experiences that 
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Standard V: Professional Orientatign 

_ T'^^.Pr^f^^^lon^' oriehtatioh of preservice elementary 
teachers should include experiences that 

• Instill positive attitudes toward science and science 
teaching 

• Poster an appreciation for the value of science in the total 
curriculum and in the lives of the children 

• Develop a commitment to continue their education as 
teachers of science through reading, professional organi- 
zations, and further education, including ihservici 
experiences. 

It is within the context of these standards that the Asso- 
^^^^!^'!*_fo^ jh^ ^^"caiidn o Teachers in Science (AETS) 
collaBorated with NSTA to institute the 1985 Search for 



Excellence in Preservice Elementary Teacher Education In 
Science. The standards were the Basis for the actual criteria 
used in the search. 

__X^^se criteria use course titles and numbers of credits 
that are common in higher educat|on^ institutions. The 
number of credits indicates that a minimum amount of 
time is to be devoted to a specific subject. This is not in- 
tended to suggest that every instittatibn must have a spe- 
cific cour&e for each topic with the prescribed title and 
number of credits. It is creativity, and not conformity, tfiat 
will promote excellerice in prebcrvice education for elemen- 
tary teachers: Innovative approaches to course development 
can produce prospective teachers whaare willing and able 
to use appropriate pedagogical, scientific, and technological 
skills and knowledge in their teaching. 



(Figure 1) Criteria for Excellence in Freservice Elementary 

In the preservice education of elementary teachers in 
science, the program recognized for its excellence will pre- 
pare teachers who 

• Display positive attitudes toward science and science 
education 

• Recognize the inherent value of science in the lives of all 
people 

• ^JOP!^^^*^^ cpurses which meet tho GcSE criteria for 
elementary school science 

• Seek continuing professional self-improvement in science 
a-d science teaching 

With regard to background in science concepts and prd- 
cesses, the preservice elementary teacher's preparation 
wij|: 

• Include 12 semester hours of study balanced among biol- 
ogy/ physical science^, and Earth science 

• cove/ content .specifically applicable to the elementary 
curriculum 

• Provide understanding of the societal implications of sci- 
ence and technology 

• Prov'de competence in science processes such as observ- 
L'^i'.^l^s&ifying, measuring, interpreting, predicting/ and 
experimenting 



With regard to education in science teachinjg approaches 
and strategies, the preservice elementary teacher's prepara- 
tion will provide the candidate with 

• At least three semester hours of study, ideally undei- 
taken just prior to student teaching 

• Knowledge and skills to vvork effectively with a wide 
range of student abilities and socio-economic and ethnic 
backgrounds 

• Personal prdblem-sd and process skills, acquired 
through significant Ji and s-on experience 

• The knowledge and skills to develop a classroom envir- 
bnmeht that promotes positive attitudes toward science 

• The ability to use media, compu ters, and other technolb- 
g^Les appropriately in classroom science instruction 

• The ability to use a variety of iiistructional strategies and 
rnaterials, including local/community resources and per- 
sonnel 



Teacher Education in Science 

• An (understanding) of how to ensure safety in science 
activities 

• ^'l yPJ^^^standirig o for evaluating pupil 
progress which are congruent with instruction and which 
address the processes as well as the content of science 

The candidate's instructional program will be carefully 
organized to provide 

• Significant field and laboratory experience— at least 30 
percent of the candidate's science coursework should be 
based on direct expenence in investigating phenomena 
with scientific equipment 

• Opportunities throughout the program to teach science 

A^^14^"^J^ schools— these experiences should begin 
with observation and tutoring and gradually proceed 
through various forms Oi- small and large group instruc- 
tion 

• Student tea^ching which includes experiences in both 
planning and teaching science to elementary schc ol 
students 

• Significant contact with the kinds of facilities, equipment, 
and instructional and library materials which are typical 
of outstandings science teaching/learning programs 

• A continuous feedback process to keep the program cur- 
rent in both science and science education 

Faculty who lerve in the preservice education of elemen- 
tary teachers in science should 

• Have the qualifications, experience, and interest to pro- 
vide high-quality instruction 

• Have specific preparation in and experience with the 
teaching of science 

• Model exemplary instructional design and practice in 
science teaching 

• Keep current in science and science education research 

• P^J^^^P^t^o^ professional associations in science 
education 

• Ma in tarn a close continuing association with cooperatirs^; 
elementary schools 
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These criteria may appear reasonabie; even obvious and 
readily implemented, to those unfamiliar with the internal 
workings of most colleges and universities. However^ to 
those who know the reslstan^ce to change in most tradi- 
tional ceacher education programs, these criteria are chai- 
jehging indeed. Traditional biases arid the constraints of 
bureaucratic furictibnirig will confront those who promote 
change to meet or exceed these criteria: 

The Following are some of the biases that must be over- 
come in order to develop programs meeting these criteria 
for excellence: 

• Scientists in some universities do not consider it appro- 
priate to develop job-related courses for any profession 
other than that of research scientist, v^hether the job is 
engineering, nursing, or teaching. 

• Many university scientists dislike the use cf science pre- 
fixes on courses for preservice elementary teachers be- 
cause they say the courses lack academic rigor. They 
think that proponents of special courses are asking for 
"watered down" versions of courses that already exist in 
the sequence for science majors. 

• Most working scientists have little occasion to ccrisider 
that elementary teachers are generalists who mast be 
prepared to teach competently across the curriculum dur- 
ing a four or five year period of undergraduate education. 

The FcJlowing are some organizational constraints that 
inay inhibit the development of excellent preservice ele- 
itieritary teacher education prbgrsrhs: 

• Most institutions require some minimum number of stu- 
dents in a course, in order to pay a faculty mc?mber*s 
salary for teaching it. 

• The itusconceptidn that teaching science reiquires the 
same methods as teaching other disciplines may result in 
institutions requiring preservice teachers to enroll in 
general methods courses, rather than offering specific 
instruction in science methods. 

• Lecture i: the primary mode of instruction in traditional 
science courses, which focus on acquisition of the accrued 
body of knowledge. The processes of sciehcp and prob- 
lem identification and solN/injC', are not emphasized. 

• Laboratory experiences, if they exist at all, are often in 
separate sections cdure-^:. and may hot be synchro- 
nized w;ith the lectures. The laboratories are usually con- 
firmation and deduction exercises, providing few chances 
for prospective teachers to experience open-ended induc- 
tive investigation. 

Since teacl^^ers teach as tjley w^ taught, they are likely 
to provide an environment for children which supports 
curiosityy investijgation, and inquiry only if they are taught 
in a similar environment. The lack of science teaching in 
elementary schools suggests that preser\'ice elementary 
teachers are not able to, or not willing to, translate practices 
from general methods classes into methods for teaching 
science* These criteria call for a specific science methods 
course separate from general methods courses, though not 
necessarily separate from science content courses. 

In education departments or colleges which offer separate 
elementary science methods courses, the need to equalize 
teaching ioads sometimes means thst non-science educa- 
tors) j^eneraiists in elementary education, or even specialists 
In other disciplines are at signed to teach the eiementary 
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science methods courses; This is why we stress the qualifi- 
cations of faculty. 

There are other cautions to remember when reviewing a 
program for cdn^fdfmity to these criteria for excellence. 
£ourse titles and abstracts cannot give a comprehensive 
idea of what prospective teachers will learn from a program 
of cbijrses. Be sure to obtain specific information vi^heri 
evaluating a program or a course. 

The evaluation procedure.3 used in courses are crucial to 
what the prospective teacher learns. Undergraduates will 
take what is tested as their measure bf importance, rather 
than what a professor says is important. If the two are not 
commensurate, the student will behave in response to what 
is graded. For example, if a prospective teacher's task was 
practicing process skjlls, but testing covers only the body bf 
scientific facts, concepts, and theories used to develop the 
process skills, the prospective teacher is unlikely to believe 
that process skills are impbrtant. One could expect to find 
that person teaching children only the accrued body bf 
knowledge. 

It should not come as a surprise that no institutions are 
identified which excel in all aspects of the criteria delineated 
for this search. However, the goal of the search was to 
identify institutions in which _desired practices are being 
implemented. The Search for Excellence in Preservice Ele- 
mentary Teacher Educatibn m Science is a strategy for 
change: We believe that publicizing institutions which are 
successful in some areas will stimulate them to Further 
growth, and inspire others to adopt, adapt, or generate 
the[r own versions bf these practices. In this way, the 
search will ultimately improve the condition of elementary 
science teaching throughout the nation. 
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Chapter 2 
CBTI^An 
Individualized 
Elementary Science 
Teacher Education 
Program 

Jerome E, DeBruiii/ James R. Gress, 
and Jerry L. Underfer 
Pepartment of Elementary and 
Early Childhood Education 
University of Toledo 
2801 W. Bancroft Street 
Toledo, Ohio 48606 



The University of Toledo is a state-suppdrted urban 
institution tBat serves about 1:2 miHion persons in 
horthvs^est Ohio and southeastern Michigan. The 
?°jj?8?.°f. ?^y5.^^Jon. Allied Professions has full time 
students in baccalaureate, masters, education specialist, arid 
doctoral programs, with one half o£ the_students enrolled.in 
teacher ciertification programs. The Department of Ele- 
mentary and Early Childhood Education prepares profes- 
sionals at the early childhood, eiemeiitary, middle, and junior 
high school levels. Our 150 students, including those who 
bW^^^^ /^J^^ of specialization in science, work v^ith 17 
department faculty in the interdisciplinary undergraduate 
Competency Based Teacher Education Program (CBTE). 

Design of the Program 

Preservice elementary science teacher education at the 
^"i^^t^^^y °AT_°[^^o is an integral part of the Undergrad- 
uate CBTE Program. The program was designed in 1968-1969; 
implementation began in 19Zd;_^nd By i973^lhe College 
op^^^ted a fully developed CBTE program. The program 
represents a single,^ comprehensive effort to bring about 
change in the way elementary and secondary teachers are 
prepared for teaching. Corresponding changes have oc- 
curred in the schools where these graduates are most likely 
to teach: The premise that changes in teacher education 
should also change the schools has led to a working agree- 
ment among university and public and private school per- 
S9^^^|j°_^*^"^^te preservice arid inservice teachers at the 
same time. 

Our enhanced teacher education program is practical, 
exactirig, and flexible. It is field based,, so students learn 
about teaching in actual classrooriis. The broad goals of 
education are deariy articulated, so that success is easy to 
demonstrate. The University of Toledo's teacher education 
P^o^r^rii specifies the knowledge, skills, attitudes, and values 
needed by teachers, but allows alterriative riieans and vary- 
ing lergths of time for achieving these specificatidris. 
Together, members of the college faculty and local school 
P_^Aso_""^J have created a school-based curriculum for 
teacher educatioTi which respects the uniqueness of learners 
by individualizing the instructional process. Each teacher 
education student meets common educational objec- 
^^ves, but each does not meet them in the same manner or 
time frame. Science education at the University of Toledo 
has been unique in these respects. 



Goals and Objectives 

The developers of the University of Toledo's CBTE pro- 
gram adopted a statement of ten broad goals of teacher 
education. Each teacher is prepared to employ teacher be- 
haviors which will help every child 

• Acquire the greatest possible understanding of him/her- 
self and appreciation of his/her worth as a member of 
society 

• Develop an understanding? and appreciation of persons 
belonging to different social, cultural, and ethnic groups 

• f'laster basic skills in the use of words and riuriibers 

• Exhibit a positive attitude toward school and toward the 
learning process 




9 



• Acquire habits arid attitudes associated with fespdrisible 
citizenship ...... 

• Acquire good health habits and an understanding. of the 
cbriditibris necessary for physical arid emotiorial well- 
being 

• Receive opportun'ty^nd jencouragement to be creative in 
Prie or more fields of erideayor 

• Uriderstarid the dppbrturiities open to preplaririg for a 
productive life and how to take fi'll advantage of these 
Dpf30rtunities 

• Understarid and appreciate human achievement in the 
riatural scierices, the social sciences, the huitiariities, and 
the arts 

• Prepare for a world of rapid change which demands con- 
tiriuirig education throughout adult life 

Objectives were prepared for each of the teri prograni 

goals in fivp contexts. The objectives, broadly stated in 
terms of beha\-iors which can be observed and measured, 
lie at the heart of the CBTE program. Each objective tells 
the teacher-in- training v/hat is expected as a demonstration 
of having mastered! the skills it requires. The objectives are 
also the backbone of the instructional modules. A single 
module cdrisists of one 01 miore objectives, a rationale, sug- 
gested instructionaj activities, materials to be used, and eval- 
uation procedures. 

The professional education program at the University of 
Toledo involves three career decisidris courses, four block 
courses for elementary education students, and a full quar- 
ter of student teaching. A'l courses are accompanied by 
clinical arid field-based experiences which include teaching 
youngs tersjn local schools. These ^arjy experiences add up 
to 300 hours of field-ba&ed teaching over three years: Stu- 
dent teaching/ done in the senior year, comprises another 
300 hours of teachirig experience. 

One of the blocks is Elementary Teaching and Learning 
III: Teaching Science in the Elementary Classroom. Today, 
the elementary science education program includes science 
arid scierice educatidn in general studies, the professional 
sequence, and work in areas of specialization. 

General Studies Component 

All students in the program complete a general studies 
cbriiporierit that provides a firm liberal education founda- 
tion arid specialized content and process skills. This cdmpd- 
nent of the curriculum is fully integrated and consistent 
vvith the general goals of the undergraduate teach'^r educa- 
tidn program. 

The general education component is impdrtant to the 
graduates' long term success in working with youngsters in 
schools, for it provides a basic understandirig of both science 
cdriterit arid teachirig skills. Iri gerieral studies scierice classes 
students obtain the fundamental experiences, skills, and 
insights they expect to develop later in their own students. 
Minimuiri requiiements in science for undergraduate ele- 
meritary educatidn students iriclude cdurses iri bidldgy, 
natural sciences, and geology, in addition to these general 
courses, teachfr education students should graduate with 

• Ah uriderstandirig of the central concepts, structure?, 
and processes of one df the physica! or natural sciences 

• Knowledge ii^f the w^ys in which a specific science disci- 
pline has influenced human achievement 
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• Skills df scieritific iriquiry iri a selected physical df riatural 
science discipline 

• Refined skills of observing, recording; classifying) orga-: 
riizihg, and interpreting phehbmeria unique to the selected 
scierice discipline 

• An attitude of scientific objectivity when observing snd 
evaluating data in their physical and natural environ- 
ments 

• ^J\MP^?^^^4'}^^n8 riecessity of an ecological jy bal- 
anced environment . 

• Ari appreciatiori of the benefits society has received from 
scieritific experimeritation in general 

The Professional Sequence 

The principal focus in the preparation of elementary 
science teachers occurs in the eight quarter-hour profes- 
sional block course. Elementary Teaching and Learning III. 
This cdurse includes various ori-canipus sessioris arid a niiri- 
imum of fifty quarter hours of related field experience in a 
school setting. Modules in the interdisciplinary science edu- 
cation course include instruction in 

• Unit Planning arid Jmpl^ertleritatidn in Science Teaching 

• Teaching Science in the Elementary School 

• Critiquing and Improving Faulty Test Items in Science 

• Classroom Mariagement Techniques in Science 

• Problem Solving in Science 

• Concept_bessons in Science 

• Iriquiry Teaching in Science 

• Questioriing Lessons iri Science 

Utui Platwing and hnpkmentatian Science Tetichiug 
A. Each student will be able to design a science unit plan 
which meets criteria estabjished dri the Unit Planning 
checklist: Components of the unit include: 

• Rationale and goal statements 

• Behavibral objectives 

• Concept statements (science TO 

• Pre- and post-instructional strategies and activities 

• Assessment of pupil learning 

• Evaluatibri of the science iristructibnal system 

B: Each student will be able to design daily lesson plans 
which are consistent with the overall unit plan and with 
module requirements for lesson plans in inquiry, question- 
ing, arid coricept te iching iri scierice. 

C: Each student will select, prepare, and use instructional 
materials that are consistent with daily lesson plans and the 
overall uriit plari- 

p. Each student will be able to iriiplemerit daily lessdn plans 
that meet predetermined criteria and include the following 
components: 

• Rationale, gbals, and objectives 

• P^"e-assessment of pupil learning 

• Instructional strategies and activities for learning 

• PoSi-assessment of pupil learning 

E. Each student will be able systematically to collect, aria- 
lyze, and interpret data on the effectiveness of units which 
meet criteria stated on the science unit implementation 
checklist. 

F. Each studerit will make appropriate revisions iri the 
science unit plan, based on the evaluation d-^ta and criteria 
of the science unit planning checklist. 
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G. Each studenLwill be able to fanction as a foH, coHabora- 
tirig member of a two-person instructional team in_tFie 
planning, implemeritatibh, evaluatibh, and revision of ah 
instructional unit, according to criteria stated on the team 
member checklist and the personal and professional fitness 
checklist. 

Teaching SciFnte in ihe Ekmmiary School 

As a result of this experience, the prospective elementary 
school teacher of science will accomplish all of the follow- 
ing: _ 

A. GompJete the Richard Moore Science Attitude Inven- 
tpry (SAI) Pretest_and Posttest _ _ 

B. Complete the State of Ohio Eighth Grade Science Con- 
^^n^^Pj^^A^.^ ^n^.^os^t^st' with a minimum of 80 percent 
science content mastery 

C. Construct an interdisciplinary elementary science unit 
of instruction following the unit format used in student 
teaching (The scie_nce_unit mcludes components of the stu- 
dent teaching unit, a daily master plan outline with appro- 
priate bridges and self-evaluation sections, and one lesson 
plan per teaching day following a lesson plan format.) 

D. Prepare a videotaped microteaching peerj)reseritatioh of 
at least one science concept, employing one of the following 
four ihstructipnaj strategies: divergent inquiry, convergent 
i"'^"i?y'j9y^^^ipnin8' Concept teaching 

E. Prepare and teach at least two science activities appro- 
priate For science learning centers in the Field 

F. Review arid evaluate at least one computer software 
program that can be used |n teaching in the field 

G. Successfully complete the teachingof at least 16 elemen- 
tary science lessons to children in the field (The student will 
supply a lesson plari arid checklist to the observer, teach the 
lesson, having chij^dren manipulate^oncrete science mate- 
rials at least 50 percent of the time, complete the self- 
evaluation section of the checklist, and return it to the 
observer upon cdrhpletidri.) 

H: Choose and complete at least two elementary science 

project activities from Chapter 8, "My Mini Book of Science 

Activities" in the text CreaVwe Hands-Oh Science Experiences 

(DeBruin, 1980) or from field experience activity iri the 

schools ( These activities are to be written, duplicated for 

each member of the class, and presented during the science 

fair at the erid of the quarter.) 

I. Com^plete all assigned readmgs from Sn>^^^ 

Science Activities, the text, and other pertinent sources 

J. Attend class regularly and promptly (especially important 

because of the laboratory orieritatibri of the class) 

Test Items in Science 

Giveri ten examples of faulty test items in a variety of 
form a ts (incl uding m ultjple ?^L9^^_^' ^^^^^f ^1 se, m a tch irig, 
completion,, short answer, and essay items), and using this 
module, each student will iden'.ii^j' a|l test construction errors 
and f e wr i t e t h ose fa u I ty i t em s iri the sa m e i t erii f o rrri a t . A t 
least nine of the ten items need to be in corrected form, 
according to the criteria in this module, with no major test 
cbristructiori errors remairiirig. 

Ckssroom Mnmgemenl Techniijues in Science 

A. Each. student will implement positive social reinforcers 

dufirig the first two weeks of field experierice and meet the 




^JU^^^^ specified bri the pbsitive reiriforcement, ignbririg 
inappropriate behaviors, andjvoidjng criticism checklist. 

B. Given a simulated proBlem, each student will role play, 
using reality therapy with a partner, giving evidence of all 
of_^b?_^jg^^L^O["P9"^"ts specified in the handout Reality 
Therapy: Each student will turn jn a written script fbllbw- 
ing the role-playing with all components labeled correctly: 

C. Giveri a videbtaped teaching segment, each student will 
become f am iHar wjth and use the positive reiriforcement, 
ignoring inappropriate behaviors, and avoiding criticism 
checklist. Each student will write at least three examples of 
the Premack Principle, at least one of which is applicable to 
an elementary science setting. 

Problem Solving in Science 

The student develbps an uriderstariding bf the process of 
problem solving in scienc^ and applies that process to prbb- 
lems in science education. Given a set of hypothetical cir- 
curiistances or an opportunity to experience real or simu- 
lated problems, the student analyzes the experiences and 
lists the effects of rigidity, inflexibility, impulsivity, failure 
to identify the problem, and failure to organize information 
as possible barriers iri problerii solving efforts. 

A. Given app^ropriate informatio studerit must brga- 
nize the information correctly to solve the problem and list 
at least five step? in the problem solving process in approp- 
riate sequence. 

B: Each student works cooperatively with other interris tb 
provide acceptable solutions to several given problems, and 
works independently to solve another set of simple 
problems. 

Concept Lessons in Science 

A: Given materials and a field placement, the student will 
design and implement a science concept lesson, giving evi- 
dence of the six relevant cpmpprients and meeting criteria 
on the concept lesson checklist in this riiodule. 

B. Given ten statements of concept dejFinitions, attributes, 
and examples, the student will match each with its most 
apprbpriate descriptbr, with a minimum accuracy of 80 
percent: 

G. Given ten statements involving referent definition and 
its use in teaching, the cone of learning experiences, and 
the order bf cbmpbrierits iri teachirig a cbricept lesson, the 
student will match each with its most apprrpriate descrip- 
tor with a minimum accuracy of 80 percent, 
p. Given seven examples of segments of a concept lesson, 
t^^J^_y^^^jl^_y^l!Ll^^^_^^^^ with its component nariie with 
no more than one error: 

Ittquiry Teaching in Science 

A: In an actual classroom situation, each student will teach 
a lesson using Suchman's methods for convergent inquiry 
in science. These include 

• The rules and p of inquiry 

• Pre-assessment 

• Student inquiry 

• Student arid/or teacher summaries 

• A follow-up analysis of the more effective questibns for 
subsequent inquiry sessions 

Each student will receive a cooperative peer evaluation 
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averaging or higher on the inquiry lessons group eval- 
uation form and/or on the instructor s evaluation of speci- 
fied criteria oh the coriyergerit inquiry self-eyaluatibn form. 

B. Having completed objective A above, each student/ in an 
actual ciassroom situation, will teach a lesson expanding 
upon the inquiry process and making it more inductive. 
This technique is known as divergent inquiry. The student 
wil] demonstrate ability as a p[a_nner,_introducer, questioner, 
and sustainerof inquiry; a rephraser; and a value investiga- 
tor. The student will receive a cooperative peer evaluation 
of 3.5 or higher oh the expanded inquiry lesson group eval- 
uation form and /or the instructor s evaluation of specified 
criteria on the diver;gent inquiry lesson self-evaluation form, 
items 1-7. 

Quesfiming h$som in Sr/?«r? 

A. The student will understand how to design and imple- 
meht a sciehce questiohihg lesson and ihcorporate recall, 
convergent, divergent, and value questions. 
B: The student will use all four types of questions in a 
written science lesson plan. In the questioning^ lesson, there 
must be at least twice as many cohvergent, divergent, and 
evaluative (higher order) questions as there are cognitive 
memory (recall, or lowenorder) questions^ with at least two 
examples of each type. Furthermore, each question or set 
of questions must be labeled according to type, such as 
recall, convergent, divergent, and evaluative: This lesson 
plan and the unit plan must be approved before implemen- 
tation in the field. 

C. Iri a 7-15 minute time period during field experience, the 
student will teach a questioning lesson that meets the 
stated criteria on the science questioning observation 
checklist. 

Field, LaBoratory and Clinical Experiences 

_ J^°^t ^ndergraduate^l^ take place in 

local off-campus settings. These formal, organized, course- 
rrlated field activities begin early in each student^s program 
and continue in a sequehtial manner from the freshmari/ 
sophomore career decisions courses through the upper divi- 
sion Block courses. University faculty serve Jis liaison per- 
sons betvs^een the school and the college (DeBruin, 1978). 

Laboratory experiences may be associ^a ted with^ general 
professional education courses which all students in a given 
program must complete, or they may occur in conjuhctiqh 
with elective courses for students who seek special certifi- 
cation or who are pursuing special interests in education 
and allied professions. The major purposes in providing 
cdhtihuous laboratory experiences are to ehable studehts to 
rtlesh theory with J^r^^tice a^nd to help students to reflect 
on and evaluate their own personal qualifications as future 
educatbrs. Therefore^ we choose a wide range of sites 
which will provide richly diverse field placemehts at all 
course levels: Before student teaching begins, each of our 
elementary science education students has already had an 
oppbrtuhity to work witK childreh from urbah, surburbah^ 
and/br rural settings, and with children fro mi minority .^hd 
non-minority groups. We also try to provide experience 
with handicapped children or adults, either in a special or a 
mairistreamed class. 
Over the past f^ve years, the actual number and diversity 



of fipl4^?^^?^'^^O^^P^t^^"5'^il^Jl^^ increased significantjy, 
as mandated By theShio Standards for Colleges or .tlni- 
versijties Preparing Teachers Edb-303-d2, "Curriculum" 
(1983). 

Clinical experiences occur in on-campus classes, seminar 
sessions, and unit labs, and at off-campus sites. Unlike typir 
cal classrodrh experiences, in which students are confronted 
wi^h situations as they arise spdn tailed u sly, clinical labora- 
tory activities are preplanned and regulated so that all stu- 
dents can participate in similar educational experiences un- 
der relatively con trolled conditions. Clinical experiences 
ijisure that sttulen^ts experience typical class ro^ .>blems 
before they embark on in-school field experiences. Clinical 
experiences may also be used to reenact situations that 
already have occurred iri the field. These experierices iriclude 
role playing, peer teaching, developing and using educa- 
tional media, microteaching, observing and evaluating 
videotaped mirii-lessons, developing and/or administering 
and evaluating tests, participiatirig iri simulation activities, 
and improvising specific activities to be taught to young- 
sters in the schools. 

Areas of Specialization 

Every elemeritary educatibri major selects ari area of spe- 
cialization from one of five academic fields or completes a 
second major in special education. A minimum of 20 hours 
of cburseurbrk in science is necessary tb develop a science 
area of specializatidri. Iri additidri td a variety df courses 
offered in the College of Arts and Sciences, special teacher 
education courses include Environmental Concepts, Physi- 
cal Science Cbncepits, Earth and Space Science Concepts^ 
and Biological Science Concepts. Each of the required 
courses covers science concepts and processes, science 
teaching strategies, and classroom, laboratory, and field 
experierice dppdrturiities. 

Modules in the science education block are taught by 
interdisciplinary teaching teams of regular faculty from 
Educational Psychology, Curriculum arid Methodoldgy/ 
Educatidrial Media arid Techndldgy, and Social Fduridatioris 
of Education. The teams spend out of class time each week 
to plan various class sessions. A block course usually meets 
three hours a day, four days a week, including scheduled 
clinical and field-based exper[e^nce in the schddls. Each iriter- 
disciplinary faculty team elects a team leader wJio meets 
regularly with other team leaders and college administra- 
tdrs to sdlve day-to-day logistical arid admiriistrative pirbb- 
lems and to evaluate the effectiveness of team plans and 
the program in general. _ _ 

Scierice instruction in the professional sequence and the 
scierice^area df specializat directed by faculty riieriibers 
in science education. The science education faculty work 
closely with members of the College of Arts and Sciences 
to articulate the scierice iristruction featured in the general 
component of the program with their^own instruction in 
the professional component of the program. 

Program Evaluation 

Prior to the 1979-80 academic year, funds were alJocated 
to develop ari iriterrial system for monitoring all students in 
elementary and secondary certification programs. A ques- 
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tiohnaire was developed and usjed as part of a follow-up 
study of elementary school teachers. During the 1979-80 
academic yeai*/ a form was devised and used to follow up on 
our secondary school teachers: The coiiege continues to 
refine procedures to Follow up its graduates in the teacher 
education program who are employed at Both the elemen- 
tary and secondary ievejs. In a C program, evaluation 
is an important aspect of the total teacher education pro- 
cess. Modules are refined when data dictate a change. 
X^y?<^^b^ R^og^-^T^ both summative and formative 
methods of evaluation: 

Observations using high and low inference instruments 
are completed on all student teachers to assess their teach- 
ing corn pet end es a n^^^ whether the competen- 
cies taught in the program are being demonstrated in the 
classroom. A prelimiinary report of this activity is found in 
the monograph "Research arid evaluation in teacher educa- 
tion: A concern for competent, effective teachers" (Dickson 
& Wiersma, i98Q), in Empirical measurement of teacher perfor- 
mance (Dickson & Wiersma, 1984), and in DeBruin, 1983. 

Attitudes Toward Science and Science Teaching 

Pretests arid posttests of undergraduate student attitudes 
toward scierice and science teaching have been admiriis- 
tered quarterly since 1975. As reported by DeBruin in 
Piper's Attitudes toward scimceiJnvesligatM^ initial study 

of results found greater change in attitude relative to science 
teaching than to science. The longitudinal study is cur- 
rently in its eleventh yea^^ arid results of the first teri years 
willsoon be sxibmittedfor publication: 

The central thesis of this study is that the process under- 
graduates go through in solvirig ori-campus and field-based 
teaching problems and the degree to which they experierice 
success in solving these problems afiFects their attitudes 
toward scierice and science teaching. If uridergraduates ex- 
perience success in their early teachirig situations they 
develop a positive attitude toward science arid scierice teach- 
ing. The converse may also be true: unsuccessful expe- 
rierices may lead to riegative attitudes^^ 

During the planriing phase of iristruction a 70-item science 
attitude inventory entitled "What Is Your Attitude Toward 
Science and Science Teaching," by Richard W. Moore (1970), 
is admiriistered to the uridergraduate students. The inven- 
tory is also given at the cdnclusiori of the quarter to riote 
any change in attitude toward science and science teaching: 
We have receritly completed the thirty-first successive 
q^uarter of cdllectirig and analyzirig data v^ith this instru- 
ment; In each quarter, over three-fourths of the subjects 
have reflected positive changes (pre/post) in attitude toward 
scierice. 

'^^A'lA^o^? f^oF* P^"^test to posttest for attitudes 
toward science and attitudes toward science teaching in- 
crease as students move through our program. It should be 
^FlPbasized that results f rorii the first arid ensuirig years of 
the study were consistent with different groups of stu- 
dents. Attitude improvement has been evident in every 
group. 

_Q PJ^^_^ f Pr. t u re re search will focu s on i sola t i ng 
field-based success factors from factors dpefatirig dri cam- 
pus.. To accomplish this, the attitude inventory will be 
admiriistered prior to and imnriediately following field expe- 
rience: Once field-based variables are identified and iso- 



EKLC 



iated, addUional^ factors arid the ffequericy of these factors 
will be.noted for further study. Tape recordings of seminar 
debriefing sessions may contribute to this study. 

Mastery of Science Content -. 

Beginriirig iri the fall quarter of 1981, a scierice content 
test deyeloped by a pariel of Ohij science educators was 
administered to all univerr^ity Gtudents taking Teachirig 
Science in the Elementary School. This science content test 
was develdped for use with eighth grade students as part of 
the Ohio Educational Assessmerit Prdgram (1979), designed 
to identify statewide learner needs for selected subject areas 
and grade levels. To insure that undergraduate elementary 
educatidn studerits at the Uriiversity of Toledo mastered at 
least eighth grade science content, the test was made part 
of the course'^5 core requirements: A criterion level of 80 
percerit was required for completion of the course. Approxi- 
?D?^^ly_?^ P^^c^rit of the uriiversity students passed the 
test, and the other 10 percent engaged in further scierice 
activity to meet minimum requirements. A status report 
featuring the results of this four-year study is currently 
being written. 

Program Needs and Plans for Improvement of th£j^r(^mm 

Despite its exemplary citations by NCATE and NSTA, 
members of the University df Toledo's elemeritafy scierice 
teacher education program have identified areas that need 
refiriemerit arid further needs to be met in the program's 
coritjriujng emphasis on excellence. First, the riionitoring of 
all aspects of the program needs to cdritiriue* Secdrid, there 
is a need for a complete followrup study of undergraduate 
3cierice teacher education students, especially those with 
science areas of cdriceritra The staff will contiriue to 
study the progress made by its graduates and will vigdrdusly 
recruit experienced teachers and graduates of the program 
td further their studies iri master's and doctoral degree 
programs with an emphasis ori scierice educatiori. Third, as 
the program continues to grow in status, additional teachers 
v^ho are familiar with the program need to be identified as 
master teachers urider whom current undergraduates may 
teach: This will insure continuity with local schodl person- 
nel and further strengthen existing relationships. 
Other prograrii needs include the following: 

• ^^clUidnal persdrihel, firiaricial support, and science 
materials from international, national, state, arid local 
sources 

• Expanded physical facilities to accomodate growing 
enrollment 

• More computers to keep pace with technological advance- 
ments 

• Further clinical facilities, such as ari additional micro- 
teaching center and^ ^^^^c^^s labs in which uridergradu- 
ates could teach demonstration science lessons 

• Exparided ties with local business and industrial centers 
^^Pl^?_^^?^f_^oyl^ willing to act as science mentors for 
teachers conducting scientific research 

• Retired scientists to work with undergraduate and grad- 
uate studerits iri the science education center 

• Highly qualjfied high school science students who will 
pursue science teaching in the elementary and middle 
schools 
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• Additional graduate students to assist in teaching arid 
become involved in further pfbgram devielbpmerits 

• Outreach to faculty members not yet involved with the 
program, e.g. ^ members jof the College of Arts and Scien- 
ces and the College of Pharmacy/ to work closely with 
science education pe^rsdnnel from the Cd|lege of Educa^ 
tion and Allied Professions joint programs need to be 
developed which feature cooperative use of faculty and 
resources. 
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chapter 3 

ASK; A Four-year 

Teacher 

Preparation 

Program 

Susan M. Johnson 
Biology Department 
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Muhcie, Indiana 47306 



Gradjja^esdf Ball State University's teacher prepara- 
tion program in elementary edacation can say 
witHput hesitation that they are prepared to teach 
scieiicie to children. 

Ball State students attend ^[asses on a 9€6-acre residen- 
tial carnpus in Muncie, Indiana, a city with a population of 
80,000 which provides industry and services For the sur- 
^PM'^^^'^S ?fe"^^ ^rea. In addition to serving as the 

international headquarters of Ball Cdrpdratidn, which has 
grown into a leading space technology manufacturer, 
Muricie houses major automotive-related plants. 

across the country and around 
the globe, but many of the university's 17,000 students hail 
frorri the communities and farrrJands of north central Indi- 
ana. Many students represent the first generation of their 
families to attend college. While students rriay enroll in one 
of six colleges. Ball State has distinguished itself in teacher 
education since its founding as a state institution in 191S: It 
has received awards of excej frorri the National Coun- 
cil for the Accreditatjon of Teacher Education for the EXEL 
Program, the Teachers of the Disadvantaged Program, and 
the Multi-Cultural Education "rogram. It ranks first in the 
?9HD_^ry i'^Ah^ JlM'T^'^^r of t)*^ /neldrs arid masters of arts in 

education degrees awarded annualjy^ 

Our program makes use of a number of university facili- 
ties, iricludirig well-equipped science teaching laboratories 
and classrooms;_ Burris Laboratory School, a K-12 public 
school which attracts 750 students from varied backgrdUhds; 
th ree preschool facilities; Bracken Library, which houses 
dyer drie million volumes and contains a special educational 
resource collection df teaching materials arid childreri's 
literature; Christy VVoods Arboretum and greenhouse; a 
planetarium; an observatory; and an official United States 
_?Jt3tidn. Additionally, students have laboratory 
experiences in classrooms of local public schools through- 
out the state. 



The Beginnings 

Our preseryice science prdgrarri was very limited until, in 
the early 1970s^three strands were wdveri together as the 
Basis of the current program. C3ne strand was the prdcess- 
priented science approach jnodelled By the eariy SAPA, 
SCIS, arid ESS rriaterials. This transformed the methods 
classes. At tBe_same^ime, itlndvatdrs in the scierice depart- 
ments and elementary education were exploring integrated 
approaches to scieritffic problem Sdlving and saw the_need 
fdr additidrial scierice laboratory arid field experiences. These 
consideratidris led to revisiori df science course offerings to 
make them more [ateratdry^ arid exparision df 

tailored course offerings from the departments of biology/ 
chemistry, natural resources, geology, health sciences, nu- 
tri t id ri, arid geography. 

The third strand was develdpment of EXEL. Faculty in 
Teachers College felt j need to help students integrate and 
trarislate the knowledge from their university courses into 
practical^ effective teach^ The EXEL prdgrarri 

recruited highly capable high school graduates who wanted 
to teach. The program called for students to have two 
quarters of practicurii experience in ari elementary class- 
room each year: In additidri, the se[ected students would 
take courses in a block so that, for example, social studies 
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subject matter could be used to complement science, and 
vice versa. 

These three stran^ds— process-oriented^ 
tion of scientific knowledge from a number of disciplines, 
and the EXEL model of extensive preseryice classroom 
experience— led to the current preservice sdence program. 
Tj^?_^^^^'^_°^ j'^^^^Q^ modeljed much of Us 1977 teacher 
certification program on the Ball State plan. 

Creative, resourceful, enthusiastic, and talented faculty 
ffbrri across the campus have been willing to spend their 
time and energy to design, develop, implement, evaluate, 
and revise our program on a continuous basis. Sometimes 
the process is formal, and at other times informal and 
experirrieritaL The university gdyerna rice system regulates 
adoption and review of major changes, while course im- 
provements are handled informally. Task forces, commit- 
tees, and small groups of energetic faculty continue to 
creat^ new ideas and options. This process can woii< ?it 
other institutions with a desire for growth and excellence. 

Program Goals 

We can summarize the science competence weyyant for 
bur preservice teachers in ari acrdriyin — ASK. ASK starids 
for Attitudes, Skills, and Knowledge: scientific attitudes, 
science process skills, and scientific knowledge. Science has 
at its source the asking of questions, and teachers who 
train at Ball State dd more asking of leading questidns than 
direct telling of answers. 

The attitude component is extremely important. If we 
stimulate the curiosity of our preservice teachers, give them 
the jdy oMrying their wings in thejr own investigations, 
guide them through inductive and deductive risk-taking in 
a relatively safe environment, invite them to discover 
wdriders in the drdiriary, and reward their persistence, they 
learn science, and look Forward to opening the same doors 
foriheir own students. 

The scientific skills, interpreted broadly, include such 
learned prdcess^es as obsem l^A'l^^fyl'^S Pj'°'^ 

iems real to the student, and proposing and testing possible 
solutions. An emphasis on attitudes and skills implies that 
our courses must go beyond textbooks to actiye science. 

The knowledge component of ASK means that students 
need to develop concepts and principles which will help 
them make sense out of their environment. I-ecause real 
wdrld jprdblems require in for rri a tidri from biology arid 
physical science as well as Earth/space science, students 
shauld study basic concepts from each realm. 

The major goal of preservice elementary teacher educa- 
tion in science at Ball State University is to produce teachers 
who 

• Have mastered basic sc:r .ice knowledge and process skills 
so that they are able to teach science well, have confi- 
dence in their ability, and look forward to learning more 
science themselves 

• Firmly believe that science is intrinsic to the goals of the 
elementary school, and therefore have a cdmmitmerit to 
teach science . _ _ _ 

• Understand the role of classroom science in enhancing 
the cognitive, social, arid moral developmerit of children 

• Use a variety of teaching strategies effectively in arrang- 
ing concrete science experiences for children, and match 
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content and strategies to the development level of indi- 
vidual children 

Subjects Covered 

Preservice teachers complete at least 22 quarter hours of 
science work, plus a sdence methods class., During each of 
the four years they also participate in a fujly supervised 
practi cum course iri ari elementary schddl settirig iri which 
chey observe and participate in science teaching: Each year 
during this school experience students spend progressively 
more assigned tirhe in the schools arid assume more arid 
more responsibility. At each level they have specific science 
teaching assignments. They, begin working jvitl: small 
groups of children in the freshman year. Full-fledged stu- 
derit teaching occurs in the seriibr year. 

A number of nonscience courses also include science 
activities or integrate science concepts with other curricu- 
lum areas. For example, the language arts course uses 
science lessdris as a basis fdr the language experiiBrice ac- 
tivity approach. The creativity course demonstrates the 
development of concepts such as "sandness," (the qualities 
of sarid) arid uses science activities as a springboard for 
creative thought. 

About 14 percent of the elementary education majors at 
Ball State seek licensing for grades K-3. The science meth- 
ods course, Teachirig Science iri the Early Childhood arid 
Primary Grades^ ^b_^i^_sp?9fi?_0^^4^j_?t"^^^^ 
rolled, in early childhood education (pre-J<indergarten) also 
take this special class in science methods for young children. 

Close to 40 percerit of our educatiori studerits participate 
in the EXEt program: These students, selected as fresh- 
men, demonstrate excellent academic performance and 
cpmrnitmerit to teaching before and during their work at 
Ba 1 1 S ta t e . U ril ike d^h er BaJ 1 S ta t e El e m en ta ry Ed u ca t id ri 
majors, they participate in supervised teaching field expe- 
riences not once, but twice, each year. They also have the 
dpporturiity to do part of this interriship in British irifarit 
schools. 

The EXEL coursework is carefully blocked and coordi- 
nated with school practlcums so that students experience 
the iri tegra tidri of disparate discipliries iri the classroorii. For 
instance, a student might see how a population study pro- 
posed in the 2 o'clock social studies methods class can be 
cbriibiried with a sampling technique demonstrated in the 3 
o'ddck science niethdds cjass, td make a fascinating con- 
crete investigation for her fifth graders at 10 the next 
miprning. 

Obtainirig ari elerrieritary science eridorsement of 32 hours 
is a way for preservice students to gain additional depth in 
science. Students may select fn)m a variety of science 
courses. A number of these, such as Map Reading for 
Teachers, Preparation df Materials td Teach Physical Sci- 
ence, and Sound and Light, are specially 'ssigned for ele- 
mentary teaching majors. 

Pattern of Science-related Cpursework Suggested for Stu- 
dents Seeking K-6 Endorsement 

Freshnian Year 

• Biological Concepts for Teachers* — 4 qtr: hrs./ 40 percent 
lab 
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• Physical GeograpFiy/Earth Science Concepts for 
Teachers*^4 hrs., 25 percent lab 

• Nutritjon-- 3 hrs. 

Plus at least. one oiF the foHowing: 

• Field and Classroom Experiences in Biology for 
Teachers* ~3 hrs., 33 percent lab 

• Astroitomy Materials for the Teacher"'— 3 hrs., 33 per- 
cent lab _ 

• Conservation for Teachers*' — 3 hrs., 33 percent lab 

• E^^J^"^"ts of Human Health~3 hrs. 

• iSlobai Geography for Teachers* — 3 hrs. 
Experience in the Elementary jSchool: 

• Introduction to Teaching: Seminar and Laboratory* — 4 
bX^_- (^'^^^.^^"S. tutoring children from a variety of 
cultural and ethnic backgrounds) 

Sophomore Year 

• Physical Science Concepts for Teachers* — 4 hrs., 25 per- 
cent lab 

Experience in the Elementary School: 

• Introduction to Elementary School Classroom Organiza- 
tion and Management*— 2-4 hrs. (observation, tutoring, 
small group instruction) _ _ 

Courses with Cbmponehts Directly Related to Science 
Teaching: 

• Human Growtfi_and Development* — 4 hrs. 

• Introduction to Exceptional Children*— 4 hrs. 

• ^^^^o'y ^^^/^""^ss and R Music*— 4 hrs. 

• Creative Experiences for Young Children* — 4 hrs. 

Juhibr Year 

• Teaching of Science in the Elementary School*— 3 hrs., 
70 percent hands-on (includes assignments tearhing chil- 
dren) 

Experience in the Elementary School: 

• Principles of Teaching and Classroom Management: Ele- 
mentary School*— 4 hrs. (small and large group instruc- 
tion; students teach sets of lessons from each curriculum 
^r*?^ J*?^l"^^j^8 science; stresses use of instructional media 

_ and materials). 

Courses with Components Directly Related to Science 
Teaching: 

• Ed acational Psychology: Tests and Measurements— 4 hrs. 

• The Teaching of Language Arts in the Lower Elementary 
Grades*— 3 hrs. 

Senior Year 

• School Health Practices*— 4 hrs. (includes materials for 
teaching health) 

Experience in the Ejementary School: 

• Student Teaching*— 14 hrs. (students teach science and 
other subject areas) 

Cdurses with Components Directly Related to Science 
Teaching: 

• Computer Literacy in the Elementary School Class- 
room*— 2 hrs. 

• Discipline and Classroom Management*— 4 hrs. 

• Materials and Techniques for Teaching Children of Mul- 
tiethnic Backgrounds' — ihrs. 

• Teaching Reading in the Elementary School*— 4 hrs. 

*Courses marked with an asterisk are specifically designeu 
fbi elementary teaching majors. j 
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Cdnlettl Courses 

Science courses are taught^iri the departments of biology, 
geography, health sciences, natural resources, and physics. 
Most of these courses are designed specifically for future 
.^^I^^nl^A^ School teachers^^ This does not by any means 
imply that they are watered down versions of itibre exact- 
ing courses. Instead, it means that the courses have been 
tailored, in collaboration with the department of elementary 
^A^^'^^^'^.^^^^ Content and skills which are basic to 

scientific literacy and which are applicable to the elemen- 
tary science curriculum. 

Furthermore, the courses generally are taught by faculty 
who have certification credentials and who have, in addi- 
tion to subject matter expertise, a background in science 
methods, well-honed teaching skills, a genuine enthusiasm 
for working with preservice teachers, and continuing con- 
tacts with the elementary schools. 

The chart also shows that a substantial portion of in- 
class time for the science classes is devoted to field and 
L^'?°r^^POL'^?P^''j?"?^^ durih students practice pro- 

cesses such as observing,^ clas??ilFying^ measuring, cdliBctih^ 
data, and drawing conclusions. Because the size of the 
science classes is usually limited to 24, students can receive 
individualized attention. 

During several of the science courses, students explore 
SJ5Phl'^_^2^A'^P'^s^^^^ societal implicatidhs of science and 
technoJogy: For instance,the physical science faculty priB- 
sents the awesome power of the atom, and then challenges 
students to make ethical decisions about efforts to harness 
nuclear energy. In the gedgraphy/Earth science courses, as 
well as in the natural resources offerings, students delve 
into t!ie concepts of spaceship earth, population crisis,. and 
cbhservatibh of food, water, and air quality. Natural re- 
sources classes investigate local land and energy use. Biol- 
ogy classes visit the local water treatment facilities: 

Sciencj Meihods Class 

The science methods class generajiy comes in the junior 
year, after most of the other science requirements, and 
often runs concurrently with the 4-hour school participa- 
^^°"5P"^?^_J^L^_^ and materials can 

be applied immediately to real children in a real classroom 
setting. The class precedes the senior year student teach- 
ing. Students earn three credit hours. 

The methods instructor models effiBctive science teach- 
ing strategies — from the creation of xi classroom environ- 
ment that promotes positive attitudes toward scien 

^ 'PA^l'SJ'oy P_ j ^ ves t iga t io h, qu es t io ni ng, discuss io n, 
use of instructional media, role playing, recording data, 
building models, and brainsf-orming. In each case, students are 
involved in an activity from a student's point of view and 
then discuss the structure arid purposes of the activity 
from a teacher's point of view. 

The first day of class we always do some interactive 
scierice, sori;tethirig that students leave the room thinking 
about in a positive way^For instance^ students love to be 
anriazed at the large number of pennies which a seemingly 
full glabS of water can hold without spilling. The first day 
also demonslrates how studerits can work in small groups, 
needing just a brief question to get them started, with very 
simple materials, and how from this they acquire scientific 
attitudes, skills, and knowledge. 
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Since a_spedfic room i^^ science edjjcatidn 

classes, we can Begin immediately to set up long-term pror 
jects that are left put Cni counters or windowsillS; and 
which each group of students checks as soon as they arrive 
each day. College juniors are as eager as second graders to 
see if their Bean seeds or crystals or mealworms have 
grown. 

The course is about 70 percent Harids-ori science. During 
the iFirst half oiF the coarse, the instructor arranges most of 
the investigations. During the second half, students peer 
teach, directly experiencing a wide range of concepts, skills, 
and strategies. 

Typdcal discussion questions after an investigation are: 
Was this something truly worthv^hile to teach children? 
Why? What safety precautions were or should liave been 
taken? How could the distribution of materials have been 
handled more efficieRtJy? How else could we have ap- 
proached this topic? What skills do students need in order 
to do this activity? Would you teach this to aj^reoperatibhal 
child? How could we te-l if students have accomplished the 
objective? 

Thus, sensitivity to safety, the ability to facilitate positive 
science experiences, and the ability to evaluate student pro- 
gress on process skills develop from concrete experience. 
Students also practice and experience a variety of instruc- 
tional strategies. 

Ourscjence courses s trongly su pport the f9?us_9P ^a ri- 
dling materials and equipjnent which students receive in 
the methods course. The biology courses stress laboratory 
skills. The physics and astronomy courses teach students 
how to plan a good program with "science on a shoestring" 
sorts oF materials. The physics department sells students a 
practical and inexpensive sderice kit, which they regularly 
use for teaching. The physics offering also deals with the 
physics of toys, which students find entertaining as well as 
useful in instructing students. 

A major theme of the methods class is that, although we 
cannot learn every interesting^ way to appy^oach every to 
cept or skill, we can identify major sources of information 
about science and science teaching and learn hov^ to use 
them. Many students leave Ball State as members of the 
Hoosier Association of Science Teachers, NSTA, or CESI. 
Our students gain firsthtJid experience with community 
TV sources and personnel through field trips in the science 
courses, projects Jn sc[enc^e rnethdds clas^^^^ and excursions 
with their participation classes to places such as the plane- 
tarium, a dairy farm, the Indianapolis Zoo, the Indianapolis 
Children's Museum, the Muhcie Children's Museurri, or 
the Bail Statejyeather station and televis[dn/ radio station. 
Through the methods class, students attend the state science 
teachers convention, assist with after-school science classes 
at the YW/YMCA, and serve as science fair judges. 

Students in the methods class often recognize differen- 
ces in Piagetian levels of functioning for the first time in 
the Piaget-style interviews they conduct with children of 
differing abijihes and backgro We analyze sden^^^ ac- 
tivities in terms of the operations which they may teach or 
require. We also examine the development of levels of 
uriderstaridirig causality, as, for example, in observing flota- 
tion. We discuss grouping and regrouping students for 
science teaching, as is commonly done for reading. 

During this course, and during the formal participation 
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course, students are required to teach science lessons at 
Burris Laboratory School or in the Muncie Rnblic Schools, 
where they must adapt to wide ranges of ability and spcio- 
ecdribmic and ethnic backgr mrid. They also participate in 
overnight camping with elementary students and have work 
at a day care cen^r^r for disadvantaged children. This course 
builds upon material introduced in the reading courses, as 
well as in the course Ma terials_and Tecl\niques *or Teach- 
ing Children of Multiethnic Backgrounds. 

Several courses contribute to the ability of students to 
use media, cbrriputers, arid other techriologies appropriately 
in science instructjdn. TThis is a major fdcjus of the formal 
junior participation experience. Every classroom in which 
our student'3 are placed contains its qw^n microcomputer 
and science software unless the school has a bank of micros. 
The elementary faculty at Burris School has been very 
active in using the computer to teach science. The Burris 
teachers and Bali State participants also bring classes to the 
Ball State physics department to use its computer bank. 
The methods course now requires students to run and 
critique several software packages. We encourage enroll- 
ment in the elective course. Computer Literacy in the Ele- 
mentary School Classroom. 

Role of the Teacher and the Student 

The role of the teacher in this preservire elementary 
science education program is multifaceted, but its foremost 
component is nnodeling excellent science teaching. In order 
to do this, each teacher keeps current in a field of expertise 
by reading, atteridirig professional meetirigs, cbriductirig 
research, and conferring with colleagues. The teachers also 
participate in professional science education organizations, 
read the science education research, and remain abreast of 
conditions in elementary school ^j^gol^g ^^0^??^ 

with the schools: The teacher continues to grow profes^ 
sionally and to maintain enthusiasm for the students and 
the field of study. The teacher is also a primary content 
resource for the preservice student. 

The rcie of the student is to Become the best possible 
teacher of children. To do this, students need to develop 
excellerit teachirig skills, but they must also learri to kriow 
themselves, as they assume the responsibility of developing 
their scientific, intellectual, and interpersonal capabilities to 
the fullest. 



Evaluation 

Of Students 

Evaluation of st; dents Is done by the faculty and by the 
students themaelv* s. Science courses such as Biological 
Concepts for Teaci ers provide feedback to students jn 
their laboratory perf ♦rmance, rnahipulative skills, and prob- 
lem solving, as well at on content mastery. 

In the science methods class, every student provides a 
written critique to every other student on the lessons 
taught in class. After teachijig lessdns_ td^^hildren, the 
methods students critique their own performance, which 
has often been taped, and has also received feedback from 
the instructor. The ability to plari highly motivating, valid 
science lessons and to recognize appropriate use of tech- 
niques is also evaluated. Students are expected to apply 
information discussed in class. We stress writing skills, and 
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look for their application in lesson plans and reports of 
students' assigned experiences with children. 

Ball State faculty ancl jelertientary teachers who supervise 
bur students jn their work with children observe and meet 
regularly with students to record progress and make sug- 
S^AU*?y^^iT'^^^'^r^^^ education department maintains 
individual student development folders in which the pro- 
gress of each student is tracked from freshman through 
senior year. 

^5^yky ^^^"^''^^5 submit faculty alert reports on any 
students who may benefit from special advisement and 
counseling regarding their professional skills, knowledge, 
speech patterns, or performance. 

OfJZourses and the Program 

Students evaluate courses each quarter on forms pro- 
vided either by faculty members or by the university edu- 
cation center: The Teacher Preparatibri Council, a faculty 
governance board, conducts a first year teacher evaluation 
of all recent graduates each year. This includes employer 
opinidns and self-evaluation by the teaching graduates. 
Both before and after graduation^ students consistently 
note the following strengths of our program: excellent 
faculty and iristfuction, useful application of theory to prac- 
tice, positive attitudes arid motivation, valuable curriculum 
and instructional materials, increase in knowledge, and ex- 
cellent teaching assignments. 

_ T^^"J^y regularly measure our program against research 
data and successful models described in the literature. 

Achieoernenls 

_ .^^i?"^^"^^. ^"reau reports indicate that 87 percent of our 
elementary education jraduates have fqurid teachirig jobs, 
in spite of a tighLjob market. Because of the quality of our 
graduates. Ball State University is a major exporter of 
teachers to other states iri the Midwest and the rest of the 
country. 

A visitor to pur program would see our students actually 
engaging children in science and doing a good job of it, as 
measured by the children's obvious iriterest arid increase in 
knowledge and skills, and our students' growth in planrtirig 
arid riiariagerrient skills, creative expression, and self-con- 
f^/^^^P^^ Jj^J? riot uricommon for both our students and their 
supervisors to say that their science lessbris are the most 
successful lessoas they have taught: Many say that of all 
their professional courses they enjoy science the most Stu- 
^^/^^s 9^'^^'^ ^oriimerit th their participatidri in class inve?s- 
tigations has taught them to enjoy science arid made therii 
more confident about their personal problem solving skills: 

We hear reports such as, "The child actually cried because 
"^^s s^h"^^"l"^_to go to the gifted arid talerited room 
during science timp»" Student teachers are proud of the 
excellent, creative lesson plans they produce, and the re- 
sponse their lessbris earn from pupi|s. When a visitor asks, 
"i^hat science have you been doing?'' the children's excited 
and involved replies tell the whole story. 

keeping the Prograiti Healthy 

The ASK program has a number of unique strengths. 
^'|P?'ri'^tiOg ?riy of would threateri progress. 
• Students have practical experience with science iri the 



^'??^r9iyT!J^y_^>'y Y^^^ beglririirig in /^he fresh- 
man yean The experiences in the elementary schdoj begin 
early and are contiriuduS/ aliov^ing students to steadily 
gairi cbrifidence and skills. Classroom experiences are 
supervised by the classroom teacher and the uriiversity 
professor. 

• As a result of our early success with the EXEL program, 
^PM^s^A j'loc^k^^^ and faculty demonstrate 
integration of iniFormation in teachirig. Herice scierice 
activities are used to develop language arts skills, science 
resource books become valuable materials for reading 
^^^^o'^^'_^?^ordirig sdem bbservatibris becoiries ah 
opportunity to utilize new handwriting skills, arid prob- 
lem solving skills help overcome geography problems: 
Our teacher eHucatiori rriajors turn theory into practice 
and concepts into activities. 

• Students receive continuous evaluation and feedback 
along with diagnostic suggestions to promote growth: 

• Tj^l^J^s a cooperative program which pools the expertise 
of faculty members from the College bf Scierices arid 
Humanities and the'r peers from Teachers College: A 
Scierice arid Mathematics Advisory Resource Team, rep- 
resen ting these two grbupis, facili ta tes com m unica tioh. 

• Faculty members who teach^he screrice methbds courses 
are members of science departments and teach in the 
scierice discipline as well. Thus they remain current in 
science and they mairitairi contacts with the elementary 
schools. 

• The content of science courses is designed specifically for 
preservice eleriieritary school teachere. 

• Students are able to gain addjtibrial depth iri scierice by 
obtaining a specifically tailored science teaching endorse- 
merit of 32 hours. 

• ?^PyIty_^hP_ teach iri the program have established a tra- 
dition of continuing service to the public schbols arid to 
science education, and are committed to maintaining a 
high level bf leadership. For instance. Dr. Mim Ballou is a 
P??^^ Pt^^l4^'!^^_ofCESI arid past secretary, boa rd member, 
and national convention chairperson of NSTA. Dr. Jbri 
Hendrix, Dr. James Watson,^^d Mrs. ^sJancy Watson 
have cbritributed papers to NSTA and conducted inser- 
vice workshops for many years. Df. Susan M. Johnson 
chairs the Youth Activities Committee of the hidiana 
Academy of Science, is a science iextbiDok author^ and 
works ex terisively with teachers. Drs. Ballou and John- 
son have developed a mod^l elemeritary scierice program 
with the Fort Wayne, Indiana Community Schools. 

• The experiericed and innovative teachers at Burris LaB- 
oratory School, a K-12 institution bperated by Ball State, 
make it an excellent facility for teacher training and edu- 
cational research. 

• We experiment with small modifications every time a 
course is taught, so the program is alive and responsive. 

Ideas for the Future 

It is always enjoyable to dreani about possibilities. Our 
drearris iriclude the development of 

• ^ ^"^i*^^^^ l^l^rij:J^ teachers in train- 
ing, and university faculty could promote the scierice 
competence of children and teachers 

• A science seminar series which would bring scientists and 
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science educators to bu^^ carripus for 1-2 week periods of 
intensive work with students^ practicing teachers, and 
facul / 

• A science education center which would FroViole state- 
wide leadership and resources for science education 

• A science stimulation program ta encourage, classroom 
teachers to come to Ball State and be "refueled" to enrich 
their science programs during a 6-9 week sabbaticaj. 
When the teachers went back to their classrooms. Ball 



State faculty would be available to assist them with 
impiernentatidn of their new ideas 

• Lear.iing/teaching support teams of university students 
and faculty who would work fcr blocks of time in set- 
tings needing their services to develop the science khiDwl- 
edgC; attitudes, processes, and skills of ihservce teachers 
We know that dreams can become reality: We've seen it 

happen with ASK. 



2b 



22 



Chapter 4 




cienee 



Programs 

Joseph P. Riley and Michael J. Padilla 
212 Aderhdld Hall 
University of Georgia 
Athens, Ceorgia 30602 



' l^?^?0^ary education at the University of Georgia is 
civided into two dist^n^ct prdgrairis, the Early Chiid- 
f hood Program for grades K throagh 4, and the Mid- 
dle Grades Program for grades 4 through 8. Each is_an 
9°A?^°^t*\9f J^^rtifi requirements in the state. The 

State of Georgia revamped its certification program in the 
mid-1970s, providing/ instead of elementary (grades K-8) 
arid secondary (grades 7-12), early childhood (grades K-4), 
middle grades (grades 4-a), ^.rid secondary (grades 7-12) 
certificates. Early childhood and middle grades programs 
maintain a strong focus on field-Eased teacher education. 
S|^]j4?'^ts are placed irito school? the first quartei of their 
junior year, with the time spent in the schools increasing 
each quarter until student teaching, when the full quarter 
is spent in the schools. What follows are separate descrrp- 
^l°'l^_°A^Jl? ^^^^Y childhood and the middle grades pro- 
grams at the University of Georgia. 

Early Childhodd Teacher Education 

The Early Childhood Preservice Program is a four quarter 
sequence in which each quarter has a distinct purpose and 
builds sequentially on those before. Courses are selected 
and planned to contribute to the rail goals for each 
particular quarter.The Four quarters are focused as follows: 
P^of^ssibrial decision— guiding the interns to under- 
stand the teaching responsibiHtya^ their feelings about it 
II, Creative and effective teaching/ learning encountefs — 
plaririing individual lessons for one child or small groups 
^^^^^y^'^i^SAMrn'^fJ sequential lessens over 

longer periods of time and with more children 
ly. Intensive mternship — achieving a co-equal status with 
the teacher 

^^^^^^_°^_^9J°Y^J"^''_S the program identifies var- 
ious roles a teacher must learn and experience in a preser- 
vice program. We focus on five important aspects of teacher 
activity: 

• The teacher as a custodiari of children 

• The teacher as a diagnostician 

• The teacher as a tutor 

• ^b? ^???b^r 3S a manager of learning groups 

• The teacher as curriculum developer or planner 
Although there is some overlap each quarter, the roles 

are explored as shown in the chart below. (An a stands for a 
major emphasis, a b for a minor one.) 



EKLC 



23 



Teaching Role 

Custodian 

Diagnostician 

Tutor 

Manager 

Planner 



I 
a 
a 
b 



Quartet- 



II 

a 
a 
a 
b 
a 



III 

b 
b 
6 
a 
a 



IV 



_^^?i^r^^ J1^A^^^^_^^t?^ intern to the community 

and the roles of the individuals in that commurtity, leading 
toward the professional decision — "Do I really want to 
teach?" To bring that basic decision into focus, each intern 
spends two weeks in tjie school, observing the school 
community, but paying particular attention to the respon- 
sibilities of the teacher. The intern also studies and practi- 
ces communication skills with children and peers> and iden- 
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tifies cultural and developmental differences among the 
children. 

During Quayter II the intern, as the tutdr/plaririer-; pl^ris 
individual lessons prescribed by the classroom teacher or 
college instructor. Intferns teach lessons to peers on campus 
to J.emonstrftte a model before using it vi^ith students in the 
pubiic schools. They learn Jind practice a variety of teaching 
models, such as role playing^ concept tecching. and discov- 
ery lessons. While in the public school clasi-room the interns 
also study ihtoractibns between teachers arid students. The 
purpose of iri tern activities during the seco^^ to 
create an effective teacher/learner encounter focusing on 
skills appropriate in a tutorial setting. 

Quarter III iriterns develop skilliJ iri plarining curriculuiri 
and delivering thei-c planntd lessons to larger groups of 
children over longei periods than on level II. At this level 
inanaging skills are erriphasized, as the intern begins to take 
more responsibility for group ins^^ 

The fourth quarter is an intensive internship. Students 
complete special teaching assignments during their first 
two weeks in the schools. As the term goes on, the interns' 
teaching efforts are monitored by school and university 
faculty using state-developed performance assessment 
instruments. 

The Early Chiidhood Science Program 

Philos^hyf of the Program 

The program for the preparation of early childhood sci- 
ence teachers recognizes the teacher's need for definite 
competencies, and provides experiences designed to develop 
J-hese cbmpetericies. The prospective teacher is given 
opportunities to learn science skills, to examine the philo- 
sophy and methodology of teaching science, and to demon- 
strate developing teaching cdrripeterice. The program em- 
phasizes the goals arid values unique to science in ^elativ. n 
to the total elementary school program. The preservice 
program also reflects the prospective teacher's need for a 
broad liberal education. 

Science Content Courses _ _ _ _ 

A unique feature of the University of Georgia science 
educatibri program is the special set of scierice courses 
aesigned for undergraduate students preparing to enter 
the early childhood and middle grades programs. Students 
who enter the early childhood science program in their 

science and mathematics required by the state. Most have 
taken 15 hours of science, 10 of vv^hich included labs, in 
special sectioris which provide potential teachers with both 
the content and the process^ of science, as well as appro- 
priate models for instruction. These courses have limited 
erirollrrients arid are taught by faculty in the science depart- 
ments as well as scierice education faculty. Biology and 
geology are the most popular offerings. 

The Science Teaching Course 

Early childhood preservice teachers sign up for their first 
science methods course in the First quarter of the four 
quarter sequence. The performance objectives of this course 
have been wntteri to take advantage of its eddy placemerit. 
Each competence has been identified in three ways: as a 
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knowledge or behavior to be acquired in the classroom, as a 
benav-or to be eyidehced in peer teaching, and as a behavior 
to be used in teaching childreri. These objectives are 
arranged under four headings: instructionaj planning, _the 
nature of elementary school science, teaching strategies 
and tactics, and classroo^r. rianagen ent skills. 

The course is taught by five faculty rii embers in the 
department of science education. While teaching styles vary, 
all subscribe to the same general goals and cooperatively 
identify the objectives to be covered in the course. They 
Cover the w/w/^as wel! as theJio«> of leaching. The nature of 
the course can be seer, most clearly, however, in the types 
of activities students perform. 

Peer Teaching Assignments . . _ . 

Students are assigned a science topic to plan for and then 
teach to a grbuj> bf peers. This teachirig sessibri is gerierally 
videotaped and later analyzed with the instructor, using a 
system of interaction analysis. Further along in the course 
the studerits are again videotaped teaching a lesson, TUe 
two Sessions are compared fbr evidence bf iriipfbvement in 
teaching competence. The Department of Science Educa- 
tion has its own video classrooms designed specifically for 
recordirig arid playback. 

Computer Assignwents . . . . _ 

Students are expected to develop a "user" level of comput- 
er literacy in harids-ori ex peri e rice with a persbrial computer. 
Students iearn what is available in elementary science 
software by critically reviewing a selection oLprograraain 
the Center for Educational Technology (CET), The CET, 
located on the same flbor as the departmerit bf science 
education, Jiouses enough computers to allrw students all 
the time chey wish on their assignments. In addition to 
!;^arning about iristructibrial uses of the computer, students 
are introduced to teacher utilities, programs designed for 
the teacher that include such titles as Test Writiyig and Grade 
Book, 

Proress Skiii Investigations 

After learning the basic and integrated science process 
skills, studerits are required to apply this knowledge by 
designing individual research irivestigatioris. These iriyesti- 
gations grow out of the subject matter the students pre- 
pare for their micrpteaching. Worked on during the quarter 
and theri repbrted to the class, these researches reiriforce 
tht process skills and give .students further insights into the 
nature of science. 

Mastery j^^jning 

Diagnostic and prescriptive procedures play an important 
part in the biology rourses deslgaed for the elementary 
preservice student. Through riiultiple administratibris of 
diagnostic tests, students can receive individual remedial 
assignments, and then take a differen'- version of the exam 
covering the same unit objectives. This procedure is also 
used in testing studerit kribwledge of eleriieritary science 
content, in the same sections of the methods course. Stu- 
dents are allowed to retake tests for each content objective 
until they have attained mastery. 

Hnnds-ouhistruttion .... ... 

The class format of the methods course typically involves 

24 



science activities. On any given day one migR^ see students 
P^^ 3 scale model of the spiar system down a 
haliway or flying paper airpianes to detefmiile w varia- 
bles. affect, ilying Lime and distance. Materials from ESS, 
SCIS, OB!5, and many other science programs are 

?Y?^'^1^[^ !!9 ^^y^^i'^ts, alciig with a complete library center 
and trips to the university's marine educa^:ioral facilities on 
the cQGr.t. The activities orientation of these classes reflects 
the philosophy and goals set forth in the posili-'n st<ite- 
rrentii of the Nati^on?! Science Teachers .Association and 
earlier guidelines Jrcir? the Aineiicar Asi'ociation for the 
Advancement of Science. 

Middle Grades Teacher Education 

Genera] Requiremenls 

The Middle Grades certificate requires speciai^zatibn in 
at least two distinct teaching fields and the completion of a 
state-certified four year teacher preparation program. 
Forty-five quarter hours (25 in the first major teaching 
field and 20 in the second) beyond the first two core years 
of college course work must be completed in two of the 
fonowirig areas: language arts, science, mathematics, or 
social studies: In addition, all applicants for first-time middle 
grades certificates must take a five quarter-hour course in 
the identification and education of children with special 
?^_^^s>A*^d jntist^ a five quarter-hour course in the 

teaching of reading. 

The Professional Education Component _ _ 

__ Tb_^ ]\^?^tot!be profess education component of 
the middle grades program is four sets of courses desig- 
nated r>s Phases I-IV. The basic courses in each phase are 
interspersed throughout the junior and senior years. All 
courses In a_ phase are taken as a block. Many are field 
based^ with numerous opportunities to observe and teach 
in middle grades classrooms. 

Phase I courses introduce the student to the nature of 
the middle grades and the early adolescent. College stu- 
dents are gently e;jsed from observing in classrooms to 
working with small groups of students. Phase II courses 
focus on planning for instruction and the instructional jjro- 
cess itself. Students plan and teach their own week-long 
units. During Phase III the focus continues to be on plan- 
ning and instruction, with the students preparing and teach- 
ing a two-week unit. This phase also emphasizes the middle 
grades curriculum. 

Phase IV, student teaching, begins with a formative 
?9?lPP"^"t in w supervisors from the two aretS of 
specialization, the university Supen/isof, arid the sponsor 
teacher gradually give the student increasing teachii g 
responsibility, providing feedback and suggestions through- 
ly^- 5^^^ipS_^^^l^?tjAr^^^^ tbe student teacher 
has full-time responsibility for teachmg, a summative 
assessment (uJng a state-wide assessment measure called 
^bf _ T"^3^her Performance Assessment Instrument) is 
scheduled and conducted by the spdrisbr teacher arid the 
university supervisor (see Capie, Johnson, Anderson, Ellett, 
& Okey, 1979). Science education faculty supervise middle 
grades science teachers. 

Since the state of Georgia does not certify rtiiddie grades 
teachers for specific subject areas, prospective teachers must 
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be ready to teach all subjects^ 7 hefefdfe, all of bur students 
take five-hour methods courses in their two non-specialty 
areas as well. For example, a); students who identify thern- 
.^sL^^A^b''^^ 3rts majors must take methods 

courses in social science and science in addition to their 
specialty methods courses. 

Middle Grades Science Specialization 

Each specialty area (science, m^ lariguage arts, and 
social studies) is responsible for advising it? students for 30 
quarter hours of work, whether that area is considered the 
first or secorid major concentration. In science, si;udents 
usually take 20 quarter houvs of science courses (iri addition 
to the 10 quarter hours taken in the core, normally a biol- 
ogy sequence) and tv/o five-hour science methods 
^J^^^^?^ _Q"^Ao^L^f sp^" is to confer as 

broad a science background as possible brt prospective 
teachers so that they will feel comfortable teaching al! the 
siderice topics in the middle grades curriculum. Students are 
"^Sed to take science courses that macch the Ideal curricula. 
Since the jno5t common local pattern is general science iri 
sixth gnxJe, life science in sevenths and Earth science in 
?*sl^tb' most students take at least five hours each of biol- 
ogy, geology, and physical science. 

The two specialist science methods courses are field based 
and taught concurrently as one ten-hour course. These 
courses are usually takeri after Phase III but before Phase 
IV. In general, students meet their instfuctdr on campus 
for three or four two-hour periods per week, and spend the 
other two to four class hours in a middle grades science 
classroom as arranged by the instructor. 

Goals for Middle Grades Science Teacher Education 
__T1\^_ trairiirig for middle grades teachers who identify 
science as one of their two specialty areas has beeri designed 
to meet a set of goals adopted by the program faculty. 
These goals, their rationale, and a brief description of goal- 
related activities follow. 

Goal I— Middle grades teachers should demonstrate a pro- 
ficiericy in the basic arid integrated process skills. 

The general trend iri middle grades scierice curricula is to 
stress process sJcill objectives and activities. Science cbriterit 
courses generally do not allow students to become familiar 
y^J^b competent in the process skills, "therefore, this 
need must be met Jn^ the teacher educatibri program. 

Process skill learning revolves around 16 self-ins tructidrial 
riiodules, each focused on a sinj;le process skill (Funk, ©key, 
El^JzJ?r"S' _<Sc Sprague, 1979). Each module includes a list of 
performance objectives, activities, self-checks, a mastery 
test, and idtas that can be used in the classroom. The activi- 
ties require s imple to use and easy to acquire materials such 

^^^A^^A' ^^^yipod jars, spring scales, batteries, and bulbs. 
Many are appropriate for future use with middle grades 
students. 

__ Although the riiodules are self-instructional and self- 
paced, the students are closely riibriitored as they complete 
the activities. Class discussions and short introductory or 
evaluative process skill exercises are regular parts of class 
meetings. 
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Goal n — Middle grades teachers shduid demons t fate a full 
repertoire.oF teaching strategies and behaviors. 

No single teaching behaviof or strategy js effective For all 
situations. This is eppecially true at the middle grades level 
where the interests, needs, and abilities of pupils vary 
temendously. Therefore^ middle grades teachers must ac- 
quire a full range of teaching behaviors and be able to use 
therti appropr[atejy. 

. '"our iypes of activities are used to influence the teaching 
behavior of middle grades teachers. First, the students be- 
come familiar with two teaching strategy analysis systems, 
the Teaching Strategy Observation Differential, or TSOD 
(Anderson, Strothers,_& James, 1974),. and the Data Pro- 
cessing Observation Guide, or DPOG (Yeany & Caple, 
1979). Second, they view videotaped models of middle school 
teaching situations and code the behaviors they observe 
using the TSOD or DPOG. From the&e tapes, they abstract 
and discuss general principles for teaching specific types of 
lessons, including lecture, demonstration, activity, and pro- 
cess skill activity. 

Third, the students engage in peer teaching; they are 
videotaped and then required to analyze and code their 
own teaching behaviors. Research bri these procedures 
indicates that the teachers acquire a broader set of more 
indirect behaviors as a result of this self-assessment. Finally, 
students teach several public school lessons. At least one is 
videotaped and critiqued by a university instructor. 

Goal III— Middle grades teachers should understand and be 
able to respond to the needs of adolescents in terms of their 
social, emotional, physical, and cognitive deveiopment. 

The middle grades learner is unique and perplexing, 
undergoing rapid change in social, emotional, physical and 
cognitive development. These changes cannot be ignored, 
since they strongly affect the learning process. Middle 
grades science teachers must be able to respond to the 
changing individual both in a personal way and through the 
curricalom experiences they present. 

Early preservice activities designed to meet this goal cen- 
ter around the observation of pupils in the public schools. 
Sludents have observed middle grades pupils throughout 
the program, but the emphasis is now directed to science 
classes, where they continue to work with entire classes 
arid individuals, including problem students. Social, emo- 
tional, physical, and especially cognitive development have 
been taught before, but students review them now with 
special attention to their effect on science learning and 
'D?^^^?tiqri. Two major are stressed: matching the 

learning method to developmental characteristics, and using 
process skill activities to promote cognitive growth. 

Goal IV — Middje grades teachers should demonstrate 
knowledge of the range of srience curriculum materials and 
activities appropriate for different pupils and grade levels. 

Time, effort, and money have been liberally expended In 
recent years to develop sciencejzUrricula at both local arid 
national levels. Some of these materials are effectively de- 
signed to meet the special needs of the middle grades 
learrier. Middle grades teachers rieed to be made aware of 
the naturje and extent of these materials in order to intelli- 
gently select and/or develop the best science curricula for 
their own situations, 
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The major emphasis iri this area is on examining and 
comparing middle grades curriculum materials, such as 
Intermediaie Science Curriculum Study and BSCS Humm Scienas, 
and getting to know the activity units that can be used to 
Suppremerit tradit^orial textbook program (e.g., Examnihg 
Your Environment and Elementary Science Study). The students 
are also directed toward journals as sources of activities and 
teaching ideas (i.e.. Science and Children, The Science. Teacher and 
The Georgia Science Teacher). Representative activities are se- 
lected and presented to peers, who participate much as 
middle grades pupils would. Preservice teachers also review 
represeritative science software on topics taught in the 
middle grades; 

Goal V— Middle grades teachers should demonstrate an 
?!^]'^^yJ^P_?^3riage both materials arid pupils in a way which 
maximizes learning. 

One of the skills most often cited as lacking in middle 
grades teachers is the ability to manage time and materials 
while cqntrdljing pupil behavior. Order is a prerequisite to 
effective instruction, especially when student activity has a 
high instructional priority. Our program spares no effort in 
helpirig teachers to acquire the management skills they 
need to keep order in their classes. 

During their school observations, university students 
record the on-task behavior of middle school students and 
look for teacher behaviors that correlate with either high 
on-task or high off-task pupil behaviors, Uriiversity class- 
room discussions of effective and ineffective management 
are based pri these data. We especially emphasize appro- 
Pr^?l^_'^?^h°'^A ^^ndiri^ retrieving, and storing 

science equipment and appropriate methods of managing 
students during activity lessons. 

Iri one successful role-playihg activity, a student engages 
in peer teaching while peers act out roles related to typical 
behavior problems; The peer students are instructed on 
how to project this misbehavior during instruction. The 
"teachers" are judged and couriseled on their ability to iden- 
tify and control the behavior problems. 

Goal VI— Middle grades teachers should plan and prepare 
^^^?rl'^AL^^^^"?^^^ for 3chievirig objectives with learners of 
different abilities and interests: 

Careful planning andprepamtion is the first step toward 
success iri ariy venture. Planning for middle grades teaching 
requires not only knowledge of cdriterit arid drgariizatibrial 
skills. But also an attitude that values planning. The func- 
tidri of the training program, then, must be to instill both 
skills and attitudes iri the middle grades teacher. 

The planning emphasis here is a continuation of trairiing 
that starts very earJy in the middle grades program, so 
studerits have already mastered most of the basic skills in 
planning. The task now is to direct these skills toward 
objective writing, lesson planning, and unit plarining for 
science instruction. 

Students practice writirig behavioral ly stated objectives) 
using Bloom's taXdnomy,jind selecting arid writing scierice- 
specific objectives. They review lesson planning and write 
several plans duririg the course, for microteaching and 
m idd I e g rad es t each i rig sess id n s a nd for t he i r f i na I u ri i t 
plan. Since unit planning brings the teacher's creativiE? abili- 
ties to bear on the many resources already available, unit 
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devejopment is^a natura[ outgrowth of the review of var- 
ious curriculum resources: Students submit a unit as one 
component of their summative. evaluation. They receive 
formative fieedback regarding this unit at various times 
throaghoat the course: 

Goal yil^Middle grades teachers should be able to con- 
struct formative arid summative measures of science 
objectives: 

An important but often neglected area of teaching Js 
assessment and evaluation of instruction and pupils. Only 
through objectiviB assessment of desired butcbmes can the 
planning and execution of lessons be judged for effective- 
ness. Also, it is only through systematic assessment of pupil 
achievement that we can diagnose learning difficulties and 
make decisions about the learner's acquisition of skjlls arid 
concepts. We make every effort to impart sound measure- 
ment techniques to our middle grades teachers. 

The characteristics of a good classroom test arid the rea- 
sons for testing are reviewed arid discussed iri regard to 
science instruction. Instructors stress the importance of 
using a table of specifications to be sure those characteris- 
tics are present. The class discusses different types of tests, 
underscoring the concepts of formative and summative 
evaluation and the uses of pretests. 

Item construction is strongly emphasized and practiced, 
with the proper use of multiple respdrise, short ariswer, 
and essay items examined and discussed in a science con- 
text. Discussion also covers the construction and imple- 
mentation of a laboratory practical exam suitable for middle 
grades students^ construct both formative 

and summative measures for a unit of instruction. 

Goal VIII— Middle grades teachers should be able to iden- 
tify resources available through professional organizations 
and journals. _ 

Any well-rounded professional is aware of the organi- 
zatibris arid publications uriique to the professibri arid 
understands the purposes and services of each. Many pub- 
lications and several organizations can serve as excellent 
resources for middle grades teachers. Our trairiing activi- 
ties call attention to these sources of ideas, irifbrmatibn, 
and. assistance: _ 

The activities related to this goal are interspersed with 
other goal-related activities. For example, students examirie 
the how-to and curriculum review sections of journals 
when they are assessing curriculum materials. The special 
middle grades services and materials of the National Science 
Teachers Associatiori are explored iri this process. 

Goal IX — Middle grades teachers should be able to use the 
computer to enhance science iristrucH.oii. 

Each middle grades teacher is giveri fbur to six days bf 
basic computer instruction, which includes using the com- 
puter for testjnjg and grading and evaluating science 
software. In additibri, about a third of our middle grades 
students take a special five quarter-hour course, Micrdcdm- 
puters and Science Education. This course emphasizes 
general computer literacy, word process! n|^, simple pro- 
gramming techriiques, arid software review, as well as the 
use of teacher utility programs. The course is taught by 
science education department faculty. 
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Mefltods for the Non-Screuce Major 

..Jh^ ^^/^J^PP?}^'^^^^ fbr those studerits riot select- 

ing science as a major field has objectives similar to those of 
the major's course. Hov/even by necessity, the treatment 
of these bbjectives is somewhat abbreviated. Other differ- 
ences are that the course is not field based, studerits do less 
microteacfiing, and there are fewer total hours of course- 
vvork (50, versus 100. for majors). Since most of these stu- 
dents have a poor attitude tovvard science, the course gives 
special emphnsis to relieving their anxieties and fears arid 
replacing them with positive attitudes. 

Early and Middle Grades Programs: What Needs To Be 
Done? 

The departm.ent of science education faculty would like 
to see additibrial science courses made a prerequisite for 
early childhood science teachers. Although a special physics 
cHss for elementary teachers was offered, there has not 
been enough enrollment to support it. Students avoid 
?b'^?5L^_t^y_ ^'^.^ P^^y.s^cs by takirig their required science 
courses in biology and geology. We need to add another 
course requirement in the physical sciences. 

Aribther majbr problem area is the jack of subject matter 
certification at the middle grades level in the state of Geor- 
gia. Presently the state has a surplus of teachers in lan- 
guage arts and social studies and a shortage in science and 
mathematics. Because there is rib subject matter certifica- 
tion, an administrator can legally place any middle grades 
certified teacher in a science classroom. Those without 
science as a specialty have only minimal preparation to 
teach science, usually two cqr^terit courses arid one riiethbds 
course. Many do an inadequate job: While professional 
educators have long argued for subject matter certification, 
it seems urilikely that this will come about soon. Many 
small, rural school districts would be especially hard hit by a 
change, due to the lack of teachers in math and science and 
their inability to attract those who are available. 

The eviderice cbllected frbm supervisors bf student 
teachers and principals indicates that our program prepares 
excellent middle grades science teachers. Above all, the 
program prepares individuals who want to be middle grades 
teachers arid whb warit to wbrk with preadolescents and 
yjoung teens. This is a distinct, positive, and much needed 
change from the situation of recent years. 

Program Mainiemnce 

The most important factor in program maintenance for 
the department of science education is continuous program 
review. Every tv^o tc three years department faculty 
thoroughly review all programs in the dejjartmerit. Chartges 
usually reflect changes in the public schools and other early 
childhood and middle grades programs, as well as new cur« 
ricula arid teacher training techniques. 

Evnluntion 

Fbrmative and summative evaluations are conducted to 
see if students are attaining the bbjectives bf the prbgrarii. 
Both the student and the program are evaluated. In the 
early childhood methods course students are givetLpretests 
measuring their content and process kriowledge. The con- 
tent test is derived from the released items of the National 
Assessment of Educational Progress (N AEP), and is updated 
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with newer items as NAEP releases them. The NAEP items 
were intericled to asse^^^^ science literacy of nine, 13, and 
17. year olds: The released items for^he nine arid 13 year- 
olds are given to the early childhood preservice teachers as 
a pre- arid pbsttest to evaluate the program's effectiveness 
in iniproving tjieif sci^rice^ro kriowledge. These scores 
are not criterion referenced to course objectives and are not 
included in the student's grade. Criterion referenced con- 
terit items are admiriistered at the end of the quarter and in 
some classes in a mastery learnirtg model. In this model, 
students can continue taking some form of the test until 
they master the objectives. 

_ Tro^^fl All^l'^^ the early childhood and middle 

grades programs are evaluated using two iristrumerits 
developed in the departinent._The Basic process skills are 
measured by using the Basic Process Skills Test, or BAPS 
(Padilla, Cronin, & Twi^^ integrated process 

skills are measured using i:he Test of Integrated Process 
Skills (TIPS: Okey & Dillashaw, 1979). 

y^.^ will build ori our own strengths, and learn from 
those of our peers, as we continually improve preservice 
elementary education at the University of Georgia. 
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Eastern Michigan University (EMU) is a multipur- 
pose institution whose roots date back to 1849, when 
it was established by the Michigan Legislature to 
educate teachers for the state's public schools. During its 
first hundred years the Michigan State Normal School, as 
EMU was then called, certified thousands of teachers: It 
continues to emphasize teacher education today, even 
b^s broadened its scope and diversified its_ pro- 
grams since becoming a university in 1959^ Eastern Michi- 
gan is one of the largest teacher education institutions in 
the nation arid is widely respected in this field. 

Student e^nroilmerit has continued to increase during the 
i98ds, in spite of rising tuition and a faliing college-age 
population nationwide, reaching 2G,20G during the winter 
1985 term. EMU's focal point is southeastern Michigan, an 
area of small cities and towns like our home base, Ypsilariti, 
population 24,G0G. Thirty miles to the east is Detroit, indus- 
trial arid business hub of the Great Lakes; an equal distance 
to the south is Toledo, ribrtherrirriost city on the Ohio 
border 

In the fall of 1968 representatives from four science 
departriierits— biology, chemistry, geography and geology, 
P^y^*^ A^J^ ?^ ^ coriiriiittee to study 

ways to improve the science education program for ele- 
mentary education majors at Eastern Michigan University. 
Prior to that time, elementary education majors were 
allowed to elect a fqur-credit-hduf iritrbductory cburse iri 
each of two science fields and a three-credit-hour course in 
riiethods of teaching elementary science. Most elementary 
education majors elected to take courses iri biology and 
Earth science. Because they were intimidated by the more 
quantitative sciences, most of them received no preparation 
in either chemistry or physics, 

__Xb?^?jrJ^ittee studying this problem met weekly for 
several semesters, and after many hours of discussibri, 
formulated objectives for an elementary science education 
program and plans for a pilot project to achieve these objec- 
tives: They agreed to set up a new scierice program for 
training elementary teachers as an alternative to the regu- 
lar university program. This optional program, would 
require its studerits to take four separate three-semester- 
hour courses in physics, chemistry. Earth scierice, and biol- 
ogy. The program would be spread over four semesters, 
eriding no later than the middle of the student's senior 
year. The cburse iri methods of teaching science could be 
omitted because teaching methods wbuld be included in 
each of the four discipline courses. 

For five years the four courses were taught as a pilot 
Ptoj^J^_t_ wit^ In 1975 the 

university recognized the project for the strengths that it 
added to the elementary education major by making it a 
requiremerit for all students in that field. Nearly every stu- 
dent who has enrblled in the early arid later elemeritary 
curriculum since the adoption of the program has gradu- 
ated from the university with at least one course in each of 
the four scierices: biolbgy, chemijtry. Earth science, and 
physics. These same courses provide specialized instruction 
in the techniques of teaching each science subject to ele- 
mentary school children. 
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Our Program 

In drder to provide prospective elementary science 
teachers wjth a com^ background in science con- 

tent and teaching- methodoiogy, the CoHege of Arts and 
Sciences and the College of Education at Eastern Michigan 
University have developed a program that is innovative in 
at least six respects; 

• Teacher- trainees complete cour&es in each of the four 
major areas of science— biology, chemistry. Earth science, 
arid physics. 

• Four separate science departments and the teacher edu- 
cation department have joined in the program's planning 
and continued review and revision. 

• The program bliends methods arid coriterit iritb ari inte- 
grated teacher education curriculum: Methodology in- 
struction is incorporated into each of the four courses. As 
a result, the trairiee learns how to teach science at the 
sajtie time that he or she^ studies content riiaterial. 

• The concepts taught in the courses are selected to match 
the basic scientific understandings elementary school 
teachers rieed. 

• The jaboratory portion of each course is designed to give 
the prospective teachers hands-on experience with sim- 
ple and inexpensive laboratory materials. These activities 
iritfdduce scierice principles, teach process skills, arid 
develop scientific attitudes. 

• Throughout the program, trainees teach science to chil- 
dren in local elementary schools. These experiences begin 
^Ith^JTL'^yrSroup mi^^ arid gradually build to the 
teaching of full-period lessons to entire classes: 
Blending methods and content into an integrated teacher 

education prograrii, our courses stress the basic under- 
standings elementary school teachers need. No attempt is 
made to cover every aspect of content a& might be done in 
traditional college science courses. The laboratory program 
is designed to give prospective eleriieritary teachers harids- 
on experience with simple and inexpensive laboratory 
materials. Furthermore, the laboratory program provides 
experience with all the process skills recommended by the 
Michigan State Departmerit of Educatibri. 

The total program departs from standard teacher train- 
ing programs in its laboratory emphasis, content, metho- 
dology, materials, and curriculum. 

tahoratory 

The learner is actively involved in a greatly modified 
scierice laboratory settirig. Iri traditional labbratdry prograriis 
the learner is given sophisticated materials that illustrate 
science principles already presented by the lecturer. In our 
program fhe laboratory experience, using simple apparatus 
of equipirierit the studerits have made themselves, is the 
catalyst for active inquiry. Out of the laboratory experience 
comes understanding about the science endeavor and its 
impact on people and society. 

Cohieni 

in the traditional program the student moves through 
individual science courses which are presented as if they 
were uri related to orie ariother. Iri cdritrast, our elementary 
science program involves students in four science disci- 
plines in a manner which reveals the intricate relationships 
between the physical and biological sciences. Each student 
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actively participates in the four-course program using lab- 
oratory experiences as the medium for science content. 

Mellioddtogy 

The standard, isolated methods course has been elimi- 
nated in our elementary science program. InsteaJ, method- 
ology is included along with the content at those times 
when it is most apprdpriate. Studerits take part iri a large 
number of methods activities, including lesson and unit 
planning, micro teaching experiences, computer assisted 
iristfuction, arid evaluation of various science textbooks. In 
addition, students often attend science cdrtfererices and 
judge at science fairs. Integrating methodology with con- 
tent has proved far superior to the former approach. 

Resources and Curriculum 

Science for Elemenldry Teachers-^Earih Science 

Earth science instruction belongs in the elementary 
school. It is especially effective when it is integrated with 
physical science and biological science iri the curriculum. 
Experience has shown, hdwever, that elementary schddj 
teachers generally shy away from teaching Earth science 
topics unless they have considerable backg^round in the sub- 
ject. Our Earth science course ensures that EMU-trained 
elementary teachers have received adequate and up-td-date 
instruction, both in subject matter and methods of teaching 
Earth scierice. 

The lectures giveri iri the course describe and demdri- 
strate nonrquantitatlvely some of the basic Earth science 
principles dealing with the materials of the Earth, processes 
at the Earth's surface arid within its atmosphere, and Earth 
histdry. Redtatidri/Jecture secU^ the studlBrits td 

interact with one another and their instructor regarding 
the elementary school level. The instructor makes every 
effort to stimulate iriterest in Earth scierice arid to convey 
its interdisciplinary nature: No one can fully understand 
any of ihe Earth science processes without at least a begin- 
ning understanding of physics, chemistry, and biology. 

The labdratdry portion of the course is desigried to lead 
the student to discover some of the basic Earth science 
concepts. The investigations deal with minerals, recks, soil, 
streams, fossils, geologic history, weather, arid topographic 
maps, using simple, inexpensive eqUipitlerit df the type that 
is readily available for use in the elementary school class- 
room. The laboratory experiences are similar to those which 
the teacher will in turn present at the elementary school 
level. 

Science for Elementary Teachers— Biology 

The gdal df the cdUrse is to prepare students to teach the 
biological aspects of modern elementary school science: The 
lecture portion of the biology course introduces biological 
principles that are basic to most college biology courses and 
emphasizes thdse that are foUrid iri elemeritary scierice 
programs: They include characteristics of living things, 
plants, animals, ecology, sy_stems of the human body, and 
erivironmerita I education. Students explore these content 
areas through labdratdiy and field wdrk experiences using 
simple equipment and materials: 

The laboratory investigations stress exploration and dis- 
covery and are selected for their appropriateness to ele- 
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mehtary teaching. Students are given the opportunity to 
try SdrtiejDf these investigations with children as they teach 
science lessons in local elementary schools: During the 
course, the teacher-trainees teach at least four science les- 
sons in early arid late deririeritary classrooms. In planning 
their lessons they make extensive use of the science teacher- 
education center, located next to the biology education 
classroom and housing elementary science curricula from 

more than 20 publishers. 

Other laboratory sessions provide opportunities for the 
students to explore such topics as using the school site io 
teach science, organizing the classroom for science teach- 
ijlg, and the use of computers hi sderice teaching. A major 
goal of the course is to allow students to experience the 
fascination of science and to gain confidence in their ability 
to teach it. 

Science for Elementary Teachers- — CheinJsfry 

The lecture portion of the chemistry course includes 
many of the basic topics found in iritrbductdry textbooks. 
Special emphasis is given to topics suggested in the Ameri- 
can Association for the Advancement oLScience Guidelines 
for Preservice Science Education of Elementary School 
Teachers. Topics that receiye heavy emphasis because of 
their relevance to the chemistry found in many current 
elementary science programs include iatroductory atomic 
theory, properties of states of matter, behavior of gases, 
solubility and solutions, common chemical reactions, and 
acids and bases. The course i& structured to eiinr.inate any 
separatidn of textual material from laboratory work- in this 
way it resembles the approach used iri the Physical Science 
for ISIonscience Students program which was developed 
with support from the National Science Foundation. 

Like the other three science courses in the program, the 
chemistry course irivdives considerable laboratory work. 
Experiments are based on activities frequently found in 
elementary science curricula. Whenever possible, simple 
equipmerit is constructed from readily available materials, 
using chemicajs whjch can be obtained from grocery stores, 
drug stores, and other local sources: 

Students gain practical teaching experience by conduct- 
irig classroom demonstrations, presenting lessons to fellow 
students, and teaching microjessons with elementary stu- 
dents who are brought into the chemistry classroom. 

Science for Elemehlary Teachers — Physics 

The lectures g;iven in this course describe and demon- 
strate in qualitative terms some of the basic physical princi- 
ples dealing with mattPi; and measurement; the effect of 
forces on matter arid dri^the motidri df bodies; wdrk, energy, 
and heat; the nature and properties of wave motion, with 
applications to sound and light; the properties and effects of 
electricity and magnetism; arid the history and current 
state _df astrondmy, particularly iri relatiort td the solar 
sy&tem. 

Recitation sections df no more than 20 students enable 
the meriibeis df the class to interact with each dther arid 
the P^'ofessoT about the basic scientific principles arid pro- 
cesses that pertain to elementary education. The course 
stimulates interest in science and insight intd its processes, 
rather thari offering a large body of knowledge td be mem- 
orized and dealt with in a mathematical and theoretical 
manner. 
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The labdratory portion of the course leads the student 
into a rediscdvery df sdrtle df tjie basic principles df science. 
Students learn to use inexpensive equipment of the type 
that is fdund in elementary school classrbdms. They prac- 
tice thie basic kirids df riieasureriient used iri science pro- 
cesses and gain confidence in their dwn ability td dd science. 
The laboratory experiences are similar to those the teacher 
can arid will direct in the elementary school, and deal with 
density, buoyaricy, pressure iri fluids, elasticity in solids, 
measurement of forcr and motion, properties of sound and 
light, magnetism, and the effects of electricity. 

The textbook has been selected from physical science 
bociks written at ail elementary level arid uses a very simple 
mathematical approach. _ 

Because teachers teach as they are taught, the elemen- 
tary education science prdgram provides the kinds of iri- 
structiort we expect prdspective teacheis to give their stu- 
dents. This includes extensive hands-on experience with 
siriiple and inexpensive laboratory materials. Putting simple 
equipmerit irito the hands of prospective teachers helps 
them overcome their fear df science and builds their cdrifi- 
dence in their own ability to teach iL _ _ _ 

Iri add'H;^n to the University Center of Educational 
Resources arid the Iristructidrial Materials Ceriter, students 
in the ekmentary science program have access to two other 
resdu! ce libraries. One is located in the biology department 
arid coritairis a wide collection of elementary science text- 
books, periddicals, teacher resdurce books, eqUipnierit, arid 
a microcomputer. The other library is located in the physics 
department and contains science programs and materials 
pririiarily related to riiiddle school and juriidr high school. 
The physics department also houses a Science Materials 
Center where students may check out teaching materials 
to use during their student teaching or, after graduation, in 
their dwri classrodriis. 

Our students learn to use dutsi^de resdurces thrdugh the 
numerous field trips the program provides. They visit the 
Detroit Zoo, the Detroit Science Center, the University df 
Michigart Bdtanical Carderis, and the University df Michi- 
gan Museum of Natural History: In addition, students are 
given an opportunity to attend at least one science educa- 
tion cdrifererice each semester. Uriiversity transportatidn is 
provided for those whdjjarticipate. During the past year, 
students have attended conferences of the Michigan Science 
Teachers Association, the Metropolitan Detroit Science 
Teachers Associatidri, and the Michigari Erivirdrimerital 
Education Association: Students also have the oppofturiity 
to take classes at the Kresge Environmental Education 
Center, owned and operated by Eastern Michigan Univer- 
sity. The Ceriter cdrisists df a 240-acre tract of larid wh*ch 
includes a variety of terrain, vegetation, and animal life. 
Classroom, dining, and lodging facilities are available at the 
Center for students and staff. 

Evaluation 

At the time that the elenieritary scierice education pro- 
gram became a requirement for elementary teachers, an 
extensive series of surveys was done to determine what 
should be iricluded in the prdgram arid to obtain informa- 
tion concerning its graduates. 

Feedback obtained through questionnaires, student eva- 
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luation reports, and unsolicited comments from students 
erirblled in the project Has been very favorable. Students 
r.'^PP'!^ ^h^^ _ PrPSr^ gives them the type of prepara- 
tion they need to teach science to children, and that they 
much prefer the type of instruction they have received to 
that provided in the regular introductory science courses. 

. .T^^ U'^LY^'^J^y ^°"'!*^jLo^^^ is the 

major intercollege agency responsible for monitoring the 
teacher education programs. The four science departments 
r?^'?n^^y "^^4^ ^n extensive presentatidh to the council 
regarding the science educatjqn cdmponerit. The council 
was in agreement that the programs lend strength and 
continuity to the teacher training curriculum, and extended 
its continued support. 

Every instructor of the required science courses is evalu- 
ated each fall by the campus-wide student evaluation pro- 
g^^rri- Whilis the questions are mainly directed to the qual- 
ity of instruction, students also express opinions about the 
nature of the courses. Their responses are invariably very 
supportive of the program. 

_ JAA44i^l9n_ ^oJ^^*^se formal evaluations, much evaluation 
has been done by informa[ means such as talking to stu- 
dents and graduates. Instructors of the science courses 
spend extensive time in area schools observing the perfor- 
mance of students currently enrolled in the program and 
itsgraduates. 

Numerous students come back to their science instruc- 
tors after completing the course to borrow science equip- 
ment and material*? to use in their student teaching. Super- 
visory teachw-rs and employers report that the graduates do 
teach science and teach it well. 

Respmsf to Evalmtiom 

The four science courses have been changed over the 
years since they were first instituted because of the formal 
just described. Some of the more 
significant changes that have been made are: 

• Increased practice with actual science teaching, both to 
peers and to elementary students 

• Wiser selection of content: courses have become more 
practical and less theoretical 

• Greater emphasis on the methods and professional aspects 
of teaching science 

• More appropriate experiments^ as course activities have 
been revised by instructors over the years 

• Greater exposure to a wider variety of activities, includ- 
ing A^^^r^L'^A^^^^^^ 3nd use of commercial elementary 
science programs 



• ^iiA^Ml^.^ r^V*^^^ students and faculty attending and 
^Participating in.science conferences 

• Increased numbers of faculty and students serving as 
judges at science fairs, and an increase in the number of 
fairs judged 

Pla ns for Irnprovetnent 

woujd like to have the students enrolled in the four 
science courses participate in a greater number of TV 
microteaching experiences. Since one of our instructb. ^ 
served as director of the microteaching laboratory at Weber 
College, he is qualified to instruct and supervise stu- 
dents in the use of this technique. In conjunction with the 
other training techniques, additional TV microteaching 
should be a useful adjunct to our program. 

We are current[y Jn the process of writing a proposal to 
the National Science Foundation to fund several portable 
TV cameras and playback equipments If we ofitain this basic 
apparatus, our students will have additional opportunities 
to teach brief lessons to small groups of elementary school 
pupils while being videotaped: 

Then, in addition to the usual methods of evaluating the 
L??sAO (PHPil .feedback, supervise critiques, etc.), the 
teacher trainee will have chances for cdntiriudus self-evalua- 
tion, because the lessons will be on videotape: There will be 
a permanent record against vs^hich to measure future per- 
formances. If t]le student has failed to demonstrate mas- 
tery of, for example, asking questions effectively, he or she 
can teach the same lesson later to another group of stu- 
dents. The trainee can master each skill in turn before 
moving on to the next. 

Another aspect of our program is its emphasis on 
computer-assisted instruction. In the near future, Ea&tern 
'^J^l^jian University students enrolled in the early and later 
elementary curriculum wNl be required to take a bne-credit- 
hqur microcomputer course. We expect that these students 
will come to the science for elementary teachers courses 
with a basic foundation in the educational applications of 
computers. 

We plan to build on this background and continue to 
prbvide bpportunities for them to examine and evaluate 
the science software used in elementary school teaching. 
More importantly, they will explore those data base 
management and sp: -ad sheet systems which are appro- 
priate for elementary school pupils. These systems provide 
an exciting new tool for elementary pupils to synthesize 
information and draw generalizations from it. 
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chapter 6 
SODIA Science 

Donald R. Daugs 

Department of Elementary Edujation 
Utah State University 
Logan, Utah 84322-2805 



The acronym SODIA surms up the Utah State Uni- 
yersity erementar^ teacher education program. The 
name is derived from the first ieUers^f five descrip- 
tive words— SeJE Others^ Disciplines, Implementation. and 
Associate Teaching^vvhich represent the five levels of the 
program; 

Level h Self, is represented by the letter S in the acro- 
nym. At this introductory level we develop the student's 
yj\^^?^^^T*"^inS of the relationships between personal 
characteristics and the abilUy and desire to teach. Students 
in Level I spend a miriimum of 10 hours ohsjerving in eler 
mehtary schools at various grade levels. Classwork and 
^°"Jil^ll"8_pr^^^^ other experiences to help 

students decide whether teaching is really the profession 
they want tP pursue. 

Level II, Others, is represented by the O in the acronym. 
Entrance to Level II requires pfibf admission to teacher 
education, awarded after successful completion of Level I, 
and a 2.5 grade average. In this block students are assigned 
^9 Pll^^f ^he cooperating public schools, where they spend 
approximately half of each day working in classrooms as 
tutors and aides. They spend the rest of their time in 
seminars and classes, either at the portal schools or on 
^A'^jy^A-.T!^^ 1^ l^^o^^s of courses include Educational 
Psychology,- Education of the Exceptional Child, and 
Fqundation Studies in Teac^;ing, as well as the Practicum in 
Elementary Education. 

Level III, Disciplines, is represented by the D in the acro- 
nym. Students are assigned to classroom and seminar 
experiences at the Edith Bowen Laboratory School on the 
campus, where they take 18 hours of methods courses 
in reading, social studies, language arts, scilBhce, and mathe- 
matics. They diagaose, prescribe, teach, evaluate, and re- 
teach in ail five subject matter areas. Students develop a 
y^ri^y^ pf _"^"^^bods and approaches using diagnostic and 
prescriptive techniques. 

Level IV, Implementation, is represented by the I in 
SODIA. This is the student teaching phase of the program. 
Students spend a full quarter teaching in the schools in 
their junior year. 

Level V, Associate Teaching, is the A in the acronym. 
Associate teaching is ah optional, individualized program 
for senior students who have successfully completed their 
student leaching and want additional experience in the 
schools. Students may earn from three to 12 extra credits, 
fyny^i°n^^S_^Af"^l"fl^^ members of the teaching team 
under the direct supervision of the cooperating teacher. 
Assqciateships are for the full academic year. Associates 
work with a master teacher and receive 5]S salary.. 

P^^&^^^ years both students and faculty 

consistently reported that the Level m methods term placed 
excessive demands on students. Over the years successive 
adjustments were made to achieve a reasonable balance 
between methods course req^uirements and practicum exp>e- 
riences. The number of college class hours in the 15 credit 
hours of methods courses was reduced, on the grounds 
^h^A .students learned theory as well as practice in their 
elementary classroom experien^^^ While this may have been 
true for the other content areas, many students reported 
that their classroom assignments offered little or no oppor- 
tunity to teach science. 

For this reason, the on-campus time for the science 



EKLC 



33 



31 



Course 









Pretest 2.0 



Science, Technology, 
and Society 
Cbi7Tp6r>ent 40 




RerT>edlation 

3.0 







Tedchlhg 
Strcfteqies 6.0 



4 












State Core 
CurricuhJrn 6.0 




Exemplary 
Materials_7X) 




r 










Procticum 

-B^ - - -- 






Convocation 

9.0- 




f 






r . 




Posttest 1 

-KXO- 1 



methods course was. increased to more nearly match that 
of a standard three-hour content course. Even after this 
?^i.''^.^*'??0^'_b?y^?^e^^ indicated that 

they wanted more time for science methods, and gave high 
ratings to the science methods course. 

At about the same time, national and state concern for 
the science competencies oi elementary teachers (National 
Science Board, 1963; Milne,_ 1983; jDaugs^ 1983^ led to 
meetings between College of Science and College of Educa- 
tion faculty^ A USU Science Education Advisory Group 
was initiated in 1983 to include the dean of education, the 
dean of science, two science educators, and the Biology, 
geology, physics, and chemistry department heads. 

As a result of the group's recdmmendafc USU changed 
the sjcience requirements for elementary school teachers 
and developed a new_ science methods course. The changes 
met or exceeded the 1983 NSTA recommendations for cer- 
tification of elementary teachers. 

The science methods course, including a science-only 
practicum, was made a five-credit prerequisiie to the Level 
III course block, and introduced as an intermediate step 
between Level U and Level HI. I his requirement insured a 
more uniform exposure to saence teaching than had been 
jx)ssible ir the previous program. 

Rationale 

Early research (Rutledge, 1957; Beryyessa, 1959; VVishart, 
1961) revealed a positive correlation between science back- 
ground and various science and nonscience teaching com- 
petencies. More recent research (DeRbse, 1979; Fitch, 1979; 
Donellan^ 198?.) demonstrates that many elementary 
teachers feel unqualified to tea'-'n science because of their 
poor preservice preparation. 

Although there is almost universal agreernent on these 
findings and on the importance :»f science education, few 
colleges and universities h_c"»ve matched research findings 
with program offerings. Many science educators hav«> 
emphasized the importance of the content foundation in 
process-oriented science (Blosser, 1969; Victor, 1974; 
McDerniott, 1976; Suchman, 1976; Rowe, 1978). Yet only 
one-third of the institutions Stedman surveyed in 1982 had 
designed their science content courses to meet the needs of 
elementary teachers. 

AAAS guidelines released in 1970 called for a match 
between science topics that are taught to children and 
those that are taught toleachers: In accordance with these 
guidelines and the weight of research evidence, our ad /i- 
sory group recommended changes in the content offerings 
for Utah State eje men tary education majors. Science con- 
tent courses were revised to cover all the components of 
the state-mandated Utah Elementary Science Core. The 
new required courses are Biology 101, Chemistry 101/ 
Geology 101, and Physics 120, each offering five credits. 

The methods course is organized around ien compo- 
nents, as illustrated in the figure, a composite flowchart. 

Curriculum goals an^ objectives for each component are 

presented in the section that follows in the form of a con- 
ceptual framework. The framework lists the major goals 
and objectives upon which the content and activities of the 
new course are based, arid also serves as the basis for first 
level evaluation of student competency. 
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Program Goal 1.0: To provide an overview and oatline of 
course requirements and proceaures 

Topic 1^1 Course Outline 

The student should be familiar with the components of 
the course. 

Topic 1.2 Requirements and Grading 
The student should 

• Be aware of course requirements and options for achiev- 
ing them 

• Uriderstarid grading procedures for all components of the 
course 

Topic 1.3 Rec^^rd Keeping 

The student should be able to use computer-managed 
^^^9^^ H^^P*r»g_ procedures to demonstrate progression 
within the course: 

Program Goal 2.0: To determine student level of scientific 
literacy 

Topic 2.1 ConUnt Area Assessment 

The student must achieve a score of at least 80 percent in 
each of the four content area assessments — biology, geol- 
ogy, chemistry, and physics. 
Topic 2.2 Science Process Skills Assessment 

The student must achieve a score of at least 80 percent 
on a cdrtlpreherisive sderice process skills assessment. 
Topic 2:3 Science Attitude Assessmerit 

The student must attain a score of at least 80 percent on 
d science attitude assessment. 

Program Goal 3.0: To facilitate remediation of deficiencies 
identified in pretest procedures 

Topic 3.1 Science Content Deficiencies 

The student who i^ below criteriori in any of the four 
major science content areas (2.1) must do one of the 
following: 

• Enroll in or audit courses in that area 

• Use a computer-mediated iristructiori J program iri that 
area 

• Arrange an individual remedial program with a frxulty 
member 
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• Propose, and have approved by the course instructor, a 
student-designed f em edial prdgra rh 

Topic 3.2 Science Procesi: Skills Deficiencies 

The student who is below criterion in science process 
skills (2^2) must do one of the following: 

• Use instructor-specified exercises from prescribed sourcies 

• Attend jind participate in scheduled science process skills 
iiriprdyemerit sectioiiS 

Topk 33 Science Attitude Deficiencies 

The student who is below criterion in science attitude 
(2,3) must dp one of the following: 

• Review with the instructor any attitudes specified in the 
pretest that contributed to a low score 

• Discuss,, on a one-to-one basis with the instructor, possi- 
ble implications of science attitude for future scie:»ce 
teaching 

• Devise a personalized improvement plan and set goals to 
improve attitude toward science 

• Participate in science/math anxiety alleviation exercises 

Program Goal 4,0: To piovide a fundamental understand- 
ing of science and technology, in order to make informed 
decisions about the interactions of science, technology, and 
society 

Topic 4.1 Science and Technology 
The student should 

• Compare and contrast science and technology 

• ^PP^^?^^^^ how science and technology contribute to 
__ new knov& ^tdge 

Topic 4.2 Impacts on Society 
The student should 

• Examine past and present examples of the impact science 
and technology have had on society, economic growth, 
arid the political process 

• ^A^fr il^oM^ljpe^^^^^^^ .*rrelationships among 
_ science, technology, and society 

Topic 4.3 Practical Applications 
The studerit should 

• ^^^l^^'^^Jssues that affect her/his life, family, and com- 
munity, and that relate to themes of broader significance 

• Focus on one or more contemporary problems that can 
be examined in a scientific manner 

• Use decision-making strategies to ansv^er the question: 
"What can! really do?" 

• Conduct a personal investigation in the area of science, 
technology, and society 

Program Goal 5.0: To provide backgpround on the origin 
and requirements of the Utah Elementary Science Core 
(UESC) 

Topic 5.1 Elementary Science Core Overview 
The student should 

• Be familiar with the UESC numbering system in order to 
use it in a cdrtlputer-assisted curriculum 

• Be familiar with the hierarchical arrangement of stan- 
dards and objectives stated in the UESC 

• Examine acrdss-the-curriculum relationships as presented 
in the Resource Guide to the UESC 

• Understand and explain how all aspects of the Resource 
Guide relate to the UESC 
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Program Goal 6,0: To apply teaching pri^.cipl^ skills, and 
methods to teaching elementary science 
Topic 6.1 Scientific Literacy 
The btudeht should 

• Be able to define scientific literacy 

• Identify and/or devise lesson plans that promote scientific 
literacy 

• identify and/or devise means of assessing student levels 
_ of. scientific literacy 

Topic 6.2 Cognitive Processes 

Th^ ^l^^^'^t should khbv^ arid apply principles of cogni- 
tive psychology to teaching elementary science. 
Topic 6.^ Interdisciplinary Aspects 

The studerit should 

• ^"^A^^?^9J'^^^^^^ fM^f^J^^ objectives to goals arid objectives 
in otRer subject matter areas at the same grade level 

• Be able to identify and/or plan science lessons that inte- 
grate other subject matter areas vs^ith science 

Topic 6.4 Laboratory T echniques arid Equipmerit 
The student should 

• Be familiar with laboratory equipment commonly used in 
elementary scierice programs 

• Be ^ware of hazards and safety precautions associated 
with elementary science laboratory work 

^''98^^*5^ !^'°A' 7_'^^^^ students with exemplary 

elementary_science curricula 

Topic 7.1 Curricula Produced bv Industry and Non-profit 
Orgariizatidns 

The student should be able to describe the major fea- 
tures of Project .Lenrning tree, Project Wild, Water Education K-6, 
and Energy and Mans Environment materials. 
Topic 7.2 Curricula Produced by Commercial Publishers 

The student should 

• Be able to describe the major features of one or more 
coriiriiercial elementary science textbook series 

• ?^_^J^'? Jo <^_^scribe the riiajbr features of one or more 
_ commercial elementary science process-based curricula 
Topic 7.3 Journals and Supplementary Materials 

The studerit should 

• Be ^2ivt\\\\at With Science and Children, Science Scope , and similar 
publications 

• Be familiar with a variety of commercially-produced 
teachirig aids 

Program Goal 8,0: To provide the opportanity for students 
to teach a series of science lessons in an elementary or 
middle school classroom 

Topic 8:1 Practicum 
The student should 

• Coritact a cooperating teacher and make plans to teach 
three or more science lessons 

• Submit'appropriate lesson plans to the cooperating teacher 
for approval prior to teaching 

• Teach three or mr e science lessons in an elementary or 
middle schod classroom 

• Submit lesson plans, a self-evaluat[on, and the cobperat- 
irig teacher's evaluation for the instructor's final review 

Program Goal 9^0 (qptio^^^ To provide a ctdhiinating 
experience that demonstrates science and teaching com* 
petejicies 
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Topic 9.1 Excursion or Convocation 
The student may either 

• Flan and make all arrangements for a speciaj science 
learning experience for a small group of children; or 

• Conduct a science ccnvdcation 

Program Goal 10.0 To provide a means olr measaring 
growth anil exit level of performance 

Topic 10.1 Posttest 

The student should demonstrate mastery of all course 
objectives at prescribed criterion levels. 

Qyifj?y]^L*V to NSTA Recommended Standards for the 
Preparation and Certification of Science Teachers, 1983 

The rationale Tor the SODIA sirience methods course is 
similar to the rationale for the NSTA standards. The first 
NSTA standard reads as follows: 

All colleges and universities should require a minimum 
of 12 senriester hours or 1 8 quarter hours of laboratory 
or field-briented science, including courses in each of 
these arean: biological science, physical science, and Earth 
.science. 

The SQDIa science program exceeds this standard in 
that all students are required to earn a total of 20 credits, 
five each in biology, geology, chemistry, and physics. Each 
of these courses has a laboratory component. 

Our program also follows the 1970 AAAS guidelines 
which recommended that j?rt5efvice courses relate to the 
science taught in the schools. The four SODIA content 
courses covejr all the objectives of the Utah Elementary 
Science Core. 

Our new methods course meets the second NSTA 
standr.rd in all respects. This standard concerns science 
teaching methods. It reads as fqllows: 

PreL'ervice eleinentary teachers should be required to 
compJete a minimum of one separate course of approxi- 
mately three semester hours in elementary science 
methods. This course should be scheduleJ after the 
science content CdUrses and just pfiof to student teaching. 

Standard 11 b adds that this course should help preser- 
vice ceachers teach science processes, attitudes, and con- 
tent to children in grades K-6. 

Our methods course emphasizes the content, process, 
and attitude components of scientific literacy. Process 
skiljs are learned through hands-on activities, and con- 
tent is directP. coordinated with curricula appropriate 
for elementary grade children: The following course 
components relate specifically to this recommendation: 

• Topics 2.1, 2.2, and 2.3 Content, process, and attitude 
assessment 

• Topic 6.1 Scientific literacy 

• Topic 6,2_ Cognitive processes 

• Tojjics 7.1, 7.2 Curriculum materials 

The third area of emphasis in the NSTA standards is 
field experiences with children. 

Preservice elementary teachers should have opportuni- 
ties throughout their uride^^^ years to teach sci- 
ence to children in schools: These field experiences in 
science should begin with observation and tutoring and 
proceed through small and large group instruction. Stu- 
dent teaching must include experiences in planning and 
teaching science. 
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J^e initial experience with students in Level 11 of the 
SODIA program may or may not include science lessons: 
The classfbdhi exposure at that level is unstructured to the 
extent that students may or may not be pfeserit at <i time 
when science is being taught.The practicum component oiF 
the science methods course, however, provides every stu- 
^?nt 9PPO^tjLiriity to tea^^ science. This is followed by 
Level III, a full quarter practicum during which every stu- 
dent is required to teach science. The culmination is a 
quarter of full-time student teaching that normally includes 
sciencejessons: 

Standard Four deals with faculty preparation: Faculty for 
both the content and the methods course in the SODIA 
program meet NSTA recommendations. Methods course 
faculty are well versed in content and in teaching method- 
ology. The_principal instructor is a senior faculty member 
with a Ph.D. in science education. 

Standard five emphasizes the value of an atmosphere in 
which students can explore, investigate, and discover. Pre- 
service teachers should experience scientific inquiry because 
teachers prepared in environments that invite and support 
curiosity, inyest|gatidn, and inquiry are likely to provide 
similar 5ituations for their students: 

Prpjervice elementary teachers should be instructed in 
science labdfatdfies and educational facilities with equip- 
ment, instructional materials, and library holdings that 
promote science learning and exemplify outstanding 
school science programs. 

Q"^A°'r'^^??tidn of science course laboratories; our sci- 
ence, technology, and society methods course component; 
and our Edith Bowen Lab School facilities collectively satisfy 
the requirements of this recommendation. Our one area of 
deficiency js that we have no annual budget for supplies 
and equipm,enL_ 

The final NSTA standard defines conditions relative to 
pfdfessidrial develdpment. These criteria range from posi- 
tive attitudes toward science to an appreciaticn for the 
position of science in the total elementary curriculum. 
The prt'fessional orientation of preservice elementary 
teacheis should include experiences that (a) instill posi- 
tive attitudes toward science and science teaching, (b) 
foster an apprpciatiqn for the *;alue of science in the total 
curriculum and in the lives of children, and (c) develop a 
commitment to continue their education as teachers of 
science through reading, paiticipation in professional 
organizations, and further education, including inservice 
experiences. 

Item c above has not been evaluated, but items a and b 
are integral parts of the philosophy and objectives of our 
methods course. We expect to con tip ue to develop toward 
the vision of excellence embodied in the NSTA Standards 
and tne SESE Criteria for Excellence in Preservice Elemen- 
tary Education. 
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Lur needs-oriented modei involves three groups— 
fpreservice teachers from Austin Peay State Uni- 

yersity's Education Departrneht, iriseryice teachers 

from Baricsdale Elementary Schodl, and Barksdale eiemeri- 
tary students (K-Sj. Both tfieiiniversity and the element 
tai^ school are in Clarksville, Tenhessee> a community of 
85;000 near the Teririessee/Keritucky border which is home 
to a military insHtution (Fort Campbeil) as weii as the state 
university. 

_pf J^ustiri Peay's 5,000 students, approximately 15-20 
percent are elerrientary education majors, mdsr from seven 
counties across the state and some from outside the state: 
The traditional agrarian nature of the community andJts 
?^°??_P_^P_^^rnity to Teriri Valley Authority Land Be- 
tween the takes, Mammoth Cave State Park, Dunbar Cave 
Natural Area, Montgomery Bell State Park, and Reelfoot 
Lake provide many opportunities for hobbies and interests 
related to science and the outdoors. Clarksville's industrial 
resources include Acme Boot, Trane, Thun, Jostens, and 
Uriidri Carbide. 



Determining the Need 

"The only person who knows what I need to learn is me:" 
That's why our model vs^as designed to respond to the 
expressed n^eeds of the three role groups whose needs con- 
cerned us most as educators: preservice teach'jrs, inservice 
teachers^ and elementary students. 

In 1980 we administered a questionnaire to three Mont- 
gomery County elementary faculties. Inservice teachers 
identified very similar reasons for either not teaching science 
or not feeling competent as science teachers. At approx- 
^^rri^tely the same time, 90 preservice teacheri in prepara- 
tory classes at the university were ;^sked to identify 
competenc/es_they wished to gain from their science educa- 
tion course. The outcome of these two assessments was a 
F°l^'^°^^^*L*Y^ "^o*^^] integrating preservice and inservice ed- 
ucation through science labs or centers established in the 
elementary school. 

The Needs Inservice Teachers Express 

The inservice teachers named eight eleirients v^hich 
harnpered their teaching of science. 



The various reading levels and ability levels of students 
The lack of appropriate, up-to-date reading materials, as 
well as laboratory materials, equipment, and funds 

• The lack of time for preparation of materials 

• The lack of appropriate space for^work ar[d storage 

• Problems with labs: extra noise, movement, and cleanup; 
behavior prbbleh^s 

• Lack of motivation and poor attitudes toward science on 
the part of students 

• Inadequate scope and sequence of the science ^jrogram; 
inadequate measurement and evaluation of student 
progress _ 

• Personal discomfort and lack of confidence 

Barnes' 1981 research describes the inservice training he 
^?y^_^l_g^_^^^3lly re^^ nature. He found that such 

training usually stems from untested assumptions of what 
teachers need, and has general, rather than specific applica- 
tion to problems and shortcomings. Inservice is offered as a 
sort of universal remedy, for problems which are always 
individual and specific. 
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The Cowip^/f»f/i?5 Preservice Tmchers Wan] . . _ 
...P"?L"_g ^bi^t sam^^^ we asked Austin Peay preser- 

vice teachers to identify the competencies they hoped to 
gain. Their answers centered around skills in eight areas; 

• Desigriihg science units, writing lesson plans, and 
^b9^1^"8 A^^ ysirig educational materials, including eval- 
uation materiab: 

• Developing self-awareness and self-confidence, including 
dass management and discipH 

• Strengthening the child's self-concept, fostering positive 
science attitudes, and reducing science anxiety for 
students 

• ^^^?J"^^yidual heeds of students through 
strategies such as individualized instruction and the use 
of learning centers 

• Communicating with and learning from other teachers 

• Becoming familiar with the resources of the school and 
the school system (facilities, environment, and organi- 
zation) 

• Gaining perspective on career decisions such as grade 
level preference 

T^fi^ Qppoiiunity Studehls Deserve 

Wh^^t students need from their elementary science pro- 
grams has been exhaustively documented in recent years, 
along with the fact that few of them are currently having 
those needs met. Teachers do not devote adequate time to 
science instructjon. A gre^ of the instruction that does 
occur is still a matter of isolated facts and principles. Tod 
many students regard science content as boring, and science 
labs as "yucchy." Classes are large, and teachers have little 
time to recognize or respond to individual interests and 
learning styles. 

Educators cannot expect to put the pieces together, to 
'^rP}^^}^^^_9^ '^^^^ mold problem-solving and inven- 

tive minds, unless their teaching bmlds integrated concep- 
tual models. The / can only do this by allowing children to 
apply l^^rring, to initiate investigations, and to solve real or 
realis^tjcally simulated problems. Teachers must be prepared 
to teach process skills, as well as science content, in a logical, 
progressive, meaningful sequence to meet the needs of 
today's students and prepare tomorrow's scientifically liter- 
ate adults: 

The Science Center Model: A Rationale 

. What followed seemed only logical — to develop a train- 
ing modej to integrate the education of preservice and 
iM^ryl^? .^J^?^^"^/'^ ?"^. enrich, supplement, and even re- 
structure the existing elementary scjence curf icu[um by com- 
bining forces and resources. The key to the model would be 
^'^"^^^xpressed heeds of jnservice and preservice teachers. 

Wiles lamented m 1979 that educators are accustomed to 
viewing preservice and inservice training as two unrelated 
processes, even though the competencies the two groups 
need apj^ear to be the same. Nothing has changed. In addi- 
tion, inservice training has remained under the auspices of 
local school districts, while preservice has bipen considered 
the university's domain. Many educational theoreticians 
^^I^^^*^?*" separate prb^ separate coordinating sys- 

tems.an unhealthy split in teacher education. They recom- 
mend a marriage of the two programs for the benefit of 



teacher trainees, teachers, and students (Winter, 1965). 
. Collaboration is the foundation for our model's success: 
Preservice training and service to the school are tailor- 
n^^.^^. J." *^b^f Pt°8^^^JT''~_^^ by the inservice teacher, 

principal, teacher educator, and preservice teacher, with the 
heeds of the students in full view, to use the resources of 
this particular setting for the benefit of all concerned. 

C3ur Prb^am 

The program is built around the science center located in 
the elementary school. The center is a workplace and learn- 
l^b providing space for science equipment, resources, 
^^P^"_^'^"tat^P^^^ Staffed by trained parent 

volunteers and preservice teachers, it operates much like ah 
dpen-cdncept library, 

_ JA also a pilace for preservice teachers to hang their 
*^^^^\^R"^PP^^_^^th test tubes, hot plates, bulbs, wires, 
aquariums, plants, skulls, fossil collections^ jnsects, and 
rf dents, the science center is an ever-expanding base of 
operations. 

By the time they reach their junior year our elementary 
education majors have already taken one course in biology 
and two courses chosen from physics, chemistry, and^eol- 
°?y __T^^i'^ _^^^^_tjle same courses science majors take at 
Austin Peay. The elementary education program also re- 
quires General Science 302-303, which incorporates con- 
tent in the Earth, physical, and life sciences with methods 
and materials of mstructiori for the elementary schools. 

For the first half of the term the preservice teachers 
study curriculum design; instructional strategies; methods ■ 
of .Assessing individual student needs, abilities,, interests, 
and skills; techniques of evaluation, grading, and reporting 
student progress; and student and teacher in teractiori in 
varied learning situations. During this theory and content 
Y^9^ ^^^he Mriiversity they also learn to develop and imple- 
ment instructional materiajs, Jhcludihg learning centers, 
units, instructional games, learning labs, and individualized 
student programs. 

_ ^^^J^ll^^^^ is then assigned to one of the par- 

ticipating inservice teachers, working with that teacher arid 
the university instructor to design and implement a unique 
field-based experience which meets the needs of tRe pre- 
service teacher, the supeivisirig teacher, and the students. 

The preservice teachers develop skills in classroom or- 
ganization, management, discipline, and record keeping: 
^b?y ^ork iridividually with students or with small groups. 
They develop materials to individualize instructidri, devise 
labs for groups of 20_to 30 students, and estabjish [earning 
ceriters for groups of four and five students. In addition to 
^b?i^_^AP?^^j^"P^ with their assigried in service teacher, stu- 
dents spend half of their class time at the elemeritary school 
in group lab situations that the university instructor facili- 
tates. The university instructor teaches six demonstration 
^^^}^3L^h^_ ^"Arte/' orie each in grades K-5, "borrow- 
ing" one entire classroom and group of students at each 
grade level. These demonstrations generally last for 50-60 
minutes. A second hour of debriefing follows the lab to 
allow umversity instructors arid preservice teachers to 
evaluate procedures, materials, an^ reactions of elementary 
students. Inservice teachers from these classrooms also 
participate in the labs. 




Field Experience ?or Preservice Teachers 

Field work^onsists of foui^ parts: demohstratibri labs 
practice laBs, materials development, and tutorials; 

During demonstration labs, each preservice teacher will 
observe the university p teaching an elementary 

science lab at every level, K-S: 

During practice labs, each of the labs demonstrated by 
the university professor will be disseminated to the other 
grade levels within the school by the preservice teachers. 
Each preservice teacher will be assigned a partner and then 
the two preservice teachers will Be assigned to a teacher. 
They will teach one of the labs demonstrated by the uni- 
versity instructor to their assigned class. 

During materials development, each preservice teacher 
will develop one lab for the class assigned in cooperation 
with that class's iriservice teacher. The lab will be imple- 
mented by the preservice teacher and evaluated by the 
inservice teacher. 

For the tutorial section^ the preservice teacher will spend 
two full afternoons each week in the science center at 
Barksdale; This time is to be used for tutoring children, 
working on learning centers, and doing research for the 
iriservice teacher. 

The Inservice Gbinpbnent 

^P^?iy^??^??^'^^*?_^^^^^^Jfl^'^y benefits from our needs- 
oriented model. The university instructors become their 
private science education consultants. These instructors are 
available to facilitate or mdriitdr special inservices arid cur- 
riculum revisions: Working with the young teachers pro- 
vides professional stimulation and challenge to the Barksdale 
faculty. Aside from human resources, the program pro- 
vides materials arid equipmerit to riiake the job of teaching 
science easier. Preservice. teachers contribute 50^60 instruc- 
tional games, units, and labs during each academic year. 

When several dozen iriservice teachers pool resources 
with the^ university, and iric^ arid their resour- 

ces, the possibilities for creative science instruction become 
all but limitless. Many of the needs inservice teachers 
expressed in our survey are met by Barksdale's collabora- 
tion with Austin Peay: But collaboratiori withiri the school 
has also been improved as a result of our program. 

Most elementary teachers can testify to the general lack 
of cdbrdiriatidri iri grade level planriing and scope arid 
sequence planning. Fourth grade teachers mjght meet and 
plan together, and even meet with third grade teachers, but 
cbbrdiriated planning and decision making among K-5 
science teachers is mtich rarer thari it shduld be. The scierice 
center at BaHcsdale publishes a newsletter as one avenue of 
communication among the teachers. Planning for inservice 
trairiing also brings the faculty together. 

The faculty of the elementary school elects one represeri- 
tative from each grade level to serve on a curriculum com- 
mittee for inservice training within the school. The com- 
mittee works with the professor to identify needs and 
structure appropriate activities. 

Our model makes efficient aseof professionals and their 
years of teaching experience. There is no extra cost to 
either the university or the school. 
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Plans for the Future: A Regional Training Center 

By the fali of 1988 we hdpe td have established a regibrial 
training center at Austin Peay. Featuring a lab area com- 
plete with equipment and supplies to teach all areas of the 
new state science curriculurin, the center will be housed in 
the^laxton Buijdirig with a complex df dffices arid class- 
rooms for professional education, and will be used by pre- 
service and inservice teachers during training. The regional 
ceriter will r.erve eight counties and school districts iri Keri- 
tucky and Tennessee. A consortium of prdfessdrs repre- 
senting the 'disciplines of Biology, chemistry^^eology, phys- 
ics, mathemaLics, and science education will serve as con- 
sultants fdr trairiirig. 

The inservdce trainmg model, a jdirit project of the Ideal 
school system^ Austin Peay, and the state department of 
education, is designed to strengthen science education for 
studerits at the elemeritary and riiiddle/junidr high school 
levels: We will do this by preparing, motivating, and recog- 
nizing teachers^ who are central to the motivation and 
jearriing of students, and exchanging and replicating effec- 
tive teach i rig materials and techriiques fdr their use. In- 
service will provide an opportunity for peer teaching, 
leadership development, and dissemination of ideas. The 
project will become self sustairiing after three years. 

^_ trained arid hjghly skilled elementary 

science teachers will be identified and recruited as team 
leaders. These leaders will share hands-on activities, up-to- 
date cdriterit, teachirig methods, and research in teaching 
and learning. Team Jeaders wilj guide and structure the 
training sessions for participating teachers. 

Team leaders must have five years of experience with 
science teachirig, career ladder status (granted by the state 
of Tennessee to two highly qualified teachers in each df the 
schools cooperating with this project)/ their principal's recom- 
meridatipri, and a strong interest in science. Summer train- 
ing for team leaders will be firiariced through the career 
ladder program: 

Inservice training For i^articipating teachers will be con- 
ducted locally, will irivolve intensive hands-on activities, 
and win introduce teachers td the scierice cdriterit require- 
ments for each grade. and to recent developments in science: 
Teachers will have the opportunity to work with the Best 
iristructidrial materials, educational techridjogy, aind teach- 
ing jnethods related td the conterit of the kridwledge- 
intensive sessions, and will have time to adapt these mate- 
rials arid methods for use in their own classrooms. 

The iriservice trairiirig will be conducted in small groups 
to facilitate peer support, peer tutoring^ and leadership 
development among teachers. Initial training will be fol- 
lowed by 12 three-hour sessions for inservice teachers dur- 
ing the schddl year. Substitute teachers will cover classes 
while teachers attend these sessions: 

Benefits to the Student 

"Back to basics" and the record keeping it entails fiave 
teriipdrarily robbed riiariy science programs df their dyna- 
mism. But many of the_basic skjlls we warit td build iri 
language arts and jnathematics can be fostered through an 
activity-oriented, hands-on approach to curriculum devel- 
opment in science. We start with an emphasis on the stu- 
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dent as a learner, one with unique needs and interests and a 
unique style of learning. Hands-on invoivement is tiie 
fduridatibri for uhderstahding facts and concepts and for 
building scientific ge Students learn best when 

they are interested, active, and involved. At ajl times, in bUr 
program, the elementary student is the focus of concern: 

Tb'e student at Barksdale has the opportunity to examine 
a science concept or become involved in a science activity 
either individually or as a part of a group. Since trained 
parent/community volunteers, preservice teacners, or high 
school science students are always in the center, a teacher 
has the option of sending one or more students to the 
center at any time during the day. An inservice teacher can 
reser/e the center and its staffer for a particular date or 
time period. 

The interest the science center generat es is not amazing. 
It is natural that this would be a favorite place for students, 
a place where they can learn things they want to learn. 
^^^'^^A ^bdujd be ex for students and teachers. At 

Barksdale and Austin Peay, it is. 

The following are examples of science center activities. 

• Seven students from a fourth grade class, have had a 
reading lesson and discussed marine life. They elect to 
spend 40 minutes of their independent Hrtle in the science 
center under the supervision of a pjarent volunteer. Dur- 
ing that 40-minute period they observe the lower and 
'^^Aber Jil^ertebra^ in the salt water aquarium. 

• Two fifth-grade boys have an interest in agriculture arid 
plan to join the local 4-H club in the fall. One of the 
preservice teachers is willing to teach them the process of 
grafting. Tltelr regular teacher^^^^ to spend an 
F . on two separate occasions with the preservice 
teacher, during which time they ^raft bl vvinesap scion 
on to the crab apple tree iri front of the school building. 

• A student arrives at school at 8 o'clock with ari irisect iri 
an aspirin box. Her teacher ha& covered the topic of 
insects earlier in the school year, but she wants to learn 
?19^^_^bdut this particular iriLect. She requests the use of 
the science center and the assistance of the cqmmuriity 
volunteer working ther£ on thi&day, in order to examine 
and identify the insect. The teacher gives her permission. 



She reports to the center during her scheduled library 
J^™^'_?b? M^^^^^ Oi^^roscope with a deep well slide so 
she can observe the insect while it is alive. She is helped 
to key the insect by the use of an elementary insect guide 
that she finds in the center. 

Evaluation 

Members of each of the role groups involved iri the 
model-inservice teachers, preservice teachers, and elemen- 
tary students—have been asked to respond to the model's 
ability to meet their iridividual rieeds. All have fburid aspects 
of the program valuable for their learning, and preferable 
to more traditional models. We. are continually learning 
what works and enhancing it, and eliminating or modifying 
what does not. 
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The Uriiversity of Southern Mississippi (USivl) was 
established by an act of the Mississifjpj Legislature 
in 1910 as the Mississippi Ndrrnal College. Today 
tJSM is a comprehensive university with more than 500 
f ull-tirhe faculty members and an academic year erirbllmeht 
of about 13;500. Oiir primary service area is the southern 
half of Mississippi. The main campus consists of 135 build- 
ings: on 254 acres of land within the city limits of Hatties- 
burg, populatiiDn 65,000. 

The primarily female student population for the preser- 
vice elementary program ranges in age from early twenties 
to mid-forties. A gradual upward shift in the mean age in 
recent years reflects a significant number of worn en re- 
_^9_ ^^Jt*Py?_t° complete programs tha were 
interrupted by marriage and the care of young children. 
The typical student entering the program met minimal 
science course requirements for graduation from high school 
and expresses considerable anxiety about the study and 
teaching of science. 

Background of the Program 

The incentive to restructure our science education pro- 
gram for preservice elerrieritary teachers carrie from bur 
involvement in the 1970s with National Science Founda- 
tion projects to assisLscliooL&ystems^ in implementing the 
"alphabet" curricula, BSCS, ESS, SAPA, and SCIS. Among 
the Mississippi teachers who participated in theslB projects/ 
confident, knowJedgeable, skilled teachers of science at the 
elementary level were found to be in short supply. Perhaps 
even rhbre distressing, we found that teachers and admiriis- 
t ra to rs ga ve scienxe t each i ng a^ low prio ri ty ^ md ng til e pro- 
fessional responsibilities of elementary school teachers. Since 
many of the teachers in the inseryice education proj^ects 
were graduates of the University of Southern Mississippi, 
questions arose about the quality of the existing science 
preparation program. We undeitook a critical examination 
ol our science content and science methods course offer- 
ings for elementary education majors. 

In the eurly 1970s a sequence of four science content 
courses — two physical science and two Biological science 
was among the core curriculum requirements for non- 
science majors at USM. As rion-scierice majors, the preser- 
vice ehmentary teachers met this requirement The science 
courses were taught in large lecture sections and supple- 
mented urith visual aids, derriohstratiohs, films, reading 
assigrimerits,^nd study sheets. There were no labdra tones. 
The te&ts were usually short-answer in format and tended 
to emphasize recall of scientific information. The courses 
presented science as a body of knowledge found in books 
and heard about in lecture halls. 

In sharp contrast, the science teaching methods course 
required in the elementary education program was taught 
in small sections with harids-dri invblyerherit, using mate- 
rials representative of nationally recognized curricula in 
elementary school science. In the science methods course 
preservice teachers discovered strategies for f-eaching science 
tbtallyfbreign to their previous experiences in coUege science 
courses. We questioned whether a single methods course 
could significantly alter our students' image of science and 
science teaching, after years of experiencing science as a 
body of facts to be committed to memory; Teaching be- 



40 



ERLC 



42 



ha vjdr is stronglj^ influent by thie teacher fdle models a 
student encounters: if our elementary school teachers were 
to exhibit the style of open inquiry, refected in the new 
curricula, the science courses at USM had to reflect that 

pattern of teaching: 

The faculb^ in the department of science education decided 
to chanjge the science curriculum for elementary education 
majors. As a first step, v/e identified elementary education 
majors enrolled in the large sections of the science content 
sequence for nonscience majors and offered them separate 
small sections. This made it jxjssible to develop curriculum 
materials and explore teaching approaches to meet the sp»e- 
cial needs of preservice cJementary teachers: A separate 
science course sequence for elementary education majors 
was approved through the various university committees 
and councils iji the 1974-75 academic year. The need for 
this program had to be convincingly articulated many times 
to obtain approval, in view of the additional cost of the 
program, the resistance of scientists vy^ho felt this course 
sequence might be a jess rigorous treatment of content in 
the various disciplines, and the fairness issue involved in 
offering special courses in the core requirements to a limited 
segment of the student population. 

TheProject 

The faculty in the department of science education 
committed themse[ves to an^ all-out effort to develop the 
best possible science program for the preparation of ele- 
mentary school teachers. A preliminary proposal was devel- 
oped arid submitted to the National Science Foundation. 
NSF staff rnembers persuaded us that the mathematics 
program for preservice elementary teachers must be up- 
graded at the same time, if we were to achieve significant 
improvements in scientific kribv^ledge and process skills. 
Competency in mathematics appears to be inexorably linked 
to advancement in knowledge and understanding of_ science. 

After a full year of planning, the department of science 
education, in association with the depart merit of mathe- 
matics and the department of curriculum and instruction, 
submitted to the National Science Foundation a proposal to 
restructure the scierice and mathematics comp)onents of 
dur prdgram for preservice elementary teachers. Our pro- 
ject. The implementntim of a Sequential Sdenre jinrl Muthemntrcs 
Progrom {or Preservice Elementary School Teachers ^ (NSF Grant U 
EPP5719223) was funded for a three-year period beginning 
in July 1975, under the NSF Division df Experimental Pro- 
jects and Developing Programs. 

At the time we received dur funding, a number of other 
pfdjects were alre^^^ to develdp curriculum 

materials for preservice education of teachers in science 
and mathematics. To prevent costly duplication of effort in 
curriculurii development, the project at USM was designed 
to use curriculum materjals that were successful at other 
institutions and test their transferability: Prior to the USM 
project, there had been little, if any, coordinated effort to 
res t r ij ct u re bd t h the sci erice a rid ma t hema ti cs com pori eri t s 
of a teacher education program throughout an institution. 
Most previous programs had been for small pilot groups of 
preservice elemeritary teachers, rather than an institution's 
entire pdpulatidn dfjteachers in training. 

The science and mathematics preparatory program that 
emerged from the three years of intense NSF project ac- 



tivity remains basically iritact, with the sariie gerieral philo- 
sophy, goals, and teaching approach: Some modificatidns 
have been made in the curriculum materials, and changes 
have occurred iri teaching personnel Tp adhere to the 
criteria df the Search fdr Excellence iri Scierice Educatibri, 
this description of the current program has been limited to 
the science component of USM's preservice elementary 
education prograrin. 

Our Current Program 

The philosophy of bur preservice program for eleriieri- 
tary teachers is grounded in our concept of the nature of 
science^ the way children Jearn, and the goals of an elemen- 
tary scierice curriculum. We view science itself as a search 
fdr patterns that requires the active involvemerit df the 
learner: Children are natural inquirers, who continually try 
to make sense of the world around them by gathering 
iriforriiatiori and prdcessirig it into patterns or regularities. 
Therefore, exemplary science prdgrams fdr the eliemeritary 
grades should emphasize the investigative nature oiE science: 

The goals for elementary school science should be to 
develop 

• An understanding of the majdr concepts which are the 
foundation of modern scientific thought 

• The science process skills necessary for continued self- 
learnirig 

• An understanding of science and its societal implications 
For our teacher education program this philosophy 

dictates inquiry-based, activity-centered instruction which 
invdives preservice teachers iri the various processes df 
science as n means of discovering significant scientific con- 
cepts For themselves. 

We further believe that preservice teachers will model in 
their own science teaching thie behaviors of their former 
science teachers. Preservice teachers who experience in- 
quiry-based, activity-centered instruv 'ion under the tute- 
lage of exemplary riDle models are likely to exhibit teaching 
behaviors which reflect the nature of science, relate to the 
goals of elementary school science, and show sensitivity to 
children as learners. 



Goals of the Program 

The program's goal is to produce knowledgeable, skilled, 
confiderit teachers committed to improving the teaching of 
elementaiy schddj science. Ir[behayidral terms, the tieachers 
who complete the program should be able to 

• Show levels df achievement in science content and pro- 
cess skills adequate for teachirig eleriieritary school science 

• Demonstrate, in classroom teaching situations, inquiry- 
based, activity-centered instructional skills 

• Match teachirig objectives and approaches to the needs of 
children as learriers 

• Exhibit confidence and enthusiasm about teaching science 

Nature of the Program 

The preservice science program is comprised df fdur cdn- 
tent science courses — two physical science and two bio- 
Ib^'ica I— followed by a science methods course. The l2 
semester-hour content and three-hour riiethods require- 
ments add up to a 15 semester-hour science program. 

The content courses focus on developing the knowledge 



aiid prdciess skills to teach current exemplary science pro- 
grams for the elementary grades. Each course integrates 
content and teaching methodology in the sense that the 
course instructors serve as role models for teachlng_be- 
h^ylPr^L^Jl ^qurse^ in a laboratory setting. That 

is, prospective teachers are taught with materiais which 
allow for direct experience in activity-centered investiga- 
tions aimed at develbpinj* basic concepts and skills. Faculty 
make a concerted effort to reduce anxiety toward studying 
andteaching science by providing for successful experiences. 

The lifth course in the science sequence is predominantly 
a cburse in methods and materials for teaching elementary 
school science: The course is organized iii three major 
parts. Part one provides conceptual background related to 
the meaning of science, the goals of an elementary science 
^"^r^^.^Jy^P' the process arid content aspects of learning 
activities, and the characteristics of the ydUrig learner. Part 
two focuses on the development of instructional skills by 
examiriing different teaching strategies. Since experiment- 
strategy s^ be the most difficult to 

nnaster, we emphasize integrated^process skijis and the use 
of experiments in the classroom. A science fair day is a 
cdmporierit of this part. Each preservice teacher completes 
an experiment and submits a written report, science fair 
display, and log book for the competition: 

r^. t three involves the preservice teachers in the prepa- 
ration and supervised teaching of six science lessons, each 
approximately^O minutes long. The six lessoris focus on a 
single unit theme and are usually adaptations from riatidri- 
ally recognized science curricula. Thus, this course not only 
addresses methods and materials of teaching but also pro- 
vides practical experience in applying science content in 
actual classroom settings. 

Materials arid Cumculurn 

Qxir curriculum has been continuously examined arid 
niodified since the program restructuring during 1975-77. 
Curriculum materials developed by Arnold Arons at the 
University of Washingtdn and his textbook The Various Lan- 
guage: An inquiry Approach fv The Physicnl Sciences were used in 
the physical science sequence for several years. Many of 
the activities in Ardris' program continue to be used, but 
new ones have been adopted from other sources and devel- 
oped in our own program. 

The biological science courses used materials developed 
as part df the Purdue Uriiversity prbject. An Integrated Approach 
To The Science Preparation of Prospective Elementary Teachers. The 
Purdue project was funded by NSF_ under the Undergrad- 
uate Preservice Teacher Education Program, Purdue activi- 
ties were essentially adapted from the BSCS Green Ver- 
sion biology program and the Science Curriculum Improve- 
ment Study. 

Scierice textbooks which reflect the philosophy and teach- 
ing approach we want for our preservice eleriieritary 
teachers are not available for the college level Arons' book, 
for example, emphasized the development of mathematical 
reason i rig arid iriterpretive skills, but did not develop many 
of the science concepts that the preservice teachers will be 
expected to teach elementary students. At present we are 
using several textbooks, materials frdm the national cur- 
riculum projects, arid other materials developed by the pro- 
fessors who teach our courses. 
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The courses are scheduled as three semester hours lec- 
ture arid one semester hour laboratory; however, the teach- 
irig emphasizes direct irivd df the students in activi- 

ties which lead to discovery of ideas arid relationships. 
There is seldom a full period of formal lectCire; instead 
there are frequerit discussion periods. when students share 
^"^^JD^^^P^^A.^^^^'^s under the skillful guidance of the 
course instructor: 

We use well-written physical science and biological science 
textbooks for reading assigrirrierits to reinforce and extend 
the classroom activities: Most cdllege studerits have been 
conditioned by past educational experiences to approach 
learning through the printed word, so we try to capitalize 
dri this established learriirig style to help them build a 
strong foundation of scientific knowledge. We choose books 
which give clear explanations and offer illustrations, data, 
charts, and graphs to be interpreted. In the courses, we try 
td expose the preservice teachers to many teaching strate- 
gies and !<?lp them to see reading as just one mearis df 
approaching the study of science. We try to make them 
aware that children need to experience science directly, not 
just read and talk about [t^ 

_ The basic textbook for the science methods course is 
Exploring Science hi The Elementary Schoo] by Donald Kauchak 
arid Paul Eggen. The authors share our goals for elemen- 
tary school science, and our understanding of the nature of 
science, how children learn, and the ideal strategies for 
teaching science. 

Irt the field experience cdniporient df this course, lessons 
are usually adapted from various curriculum j?rojects, with 
the preservice teachers responsible for finalizing the plans 
arid practicirig the lessons before actually teaching small 
groups of childrert. We try to assure that the experience of 
working with children is successful and provides students 
with positive feedback about themselves as teachers of 
scierice^ 

A resource center housing instructidrial materials fdr the 
K-college levels was established with NSF project funding: 
The resdurce center is a support facility fdr both the under- 
graduate and graduate level prdgrams adriiiriistered by the 
department of science education. The center includes a 
wide range of current instructional materials: 

• cdmplete sets of programs, such as Developing Mathematical 
Proc^ses^ Science Curriculum Improvement Study, and Science-^ A 
Process Approach 

• Science textbook series 

• Metric teaching aids 

• Films, fiJmstrips, and other audio-visual aids 

• Manipulative laboratory materials for classroom use 

• Sdurcebodks df teaching activities and games 

• Sample in^trumertts for assessing cdritent knowledge, 
attitude, and skill development in science 

• Microcomputers and computer software 

__Th^ preservice teachers use this facility in completing 
course assignments and as a source df materials fdr their 
student teaching experience. The center plays acritical role 
in introducing preservice teachers to the use of computers 
in teaching arid learriing. 

The Role of the Professor 

The prdfessors for the courses in the science sequence 
are expected to exemplify good practices in planning, teach- 
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irig, and evaluating. They model strategies for teaching; 
assuitiihg the roles of motivator;^ cduri^sddn guide, initia tor; 
discussion leader, resource person, lecturer, demonstrator, 
questibrien .evaluator>.and others appropriate to the var- 
ious strategies. We feel it is important to alternate among a 
variety of methods, matching teaching objectives to the 
students' needs, the materials that are available, and the 
content/prbcess goals. 

Since many preservice elemeritaiy teachers are anxious 
about studying and teaching science, building positive self- 
concepts about their ability to learn and teach science is a 
major responsibility of the program. This means that each 
student must be respected as an individual of dignity and 
worth, and never demeaned or belittled: The classroom 
environment has to be one of openness and acceptance 
where students feel comfortable asking questions and 
expressing ideas. 

The Role of the Student 

Our preservice elementary teachers are active partici- 
pants in the jearning process, rather than passive receivers 
of information. They are investigators searching for pat- 
terns and regularities they can use to describe and explain 
phenomena in the natural world. They are encouraged to 
question: "How do we know...? What is the evidence 
for. . . ? How could we explain . . . ? How could we test? . . . " 
As students, they are encouraged to show initiative, curios- 
ity, arid the desire to find out for themselves. 

Evaluation 

Evaiunfion of Studmts 

For the four science content courses, student achieve- 
ment is evaluated on the basis of teacher-made tests, writ- 
ten reports of investigations, and other assignments: In 
testing) emphasis is placed on higher-order cognitive levels, 
with students being asked to explain, compare, describe, 
iriterpret, arid evaluate. Sbitie test items are short answer 
and require recall of information or comprehension; how- 
ever, essay questions requiring analysis^ synthesis, applica- 
tion, arid evaluation tend to predominate. 

In evaluating student achievemerit for the methods course 
we consider teacher-made tests, ratings of teaching per- 
formance, science fair projects, written reports of inter- 
views based on Piaget's tasks, and lesson plans. Rating 
criteria vary with the assignments. 

Evalmtipn of Program 

During the iriitial restructuring of the program, sup- 
ported by NSF funding, an extensive formative and sum- 
ma tive evaluation was conducted. Data collection continues 
to the present time. Students use rating scales to evaluate 
the course iristructbrs. We^Sdlicit feedback from students iri 
writing and through interviews regarding course content 
and teaching approaches. Testing is keyed to course objec- 
tives. Test resujts are examined and courses are revised 
when we find a better way to meet the course objectives. 

Faculty members teaching courses in the seqiience meet 
formally to discuss the curriculum and ways of improving 
the sequence. Iri additidri, they infdrrilally share new activi- 
ties being tried, probjem areas, and successes and failures in 
teaching. The faculty works as a supportive team constantly 
striving to improve the course sequence. 



In 1985 the prograin was ieviewed by_the curriculum 
committee iri the College of Scierice and Technology, the 
curriculum cbriiriiittee for the College of Educatjqri arid 
Psychology, and the Academic Council of USM: The four- 
course science sequence was approved by these comriiittees 
to rrieet the core requirements for eleriieritary education 
majors: We are P^ud that the program continues to be 
viable ten yeais after the initial grant binding and is accepted 
by the academic community on our own campus. 

Our program, when examined agairist the criteria for 
excellence, shows many strengths: The following is a par- 
tial list. 

• Evaluation data demonstrate that the program develops 
positive attitudes tbward scierice arid scierice teaching^ 

• The program requires twelve semester hours of science 
content, including broad treatment of physical science 
arid biology, arid limited Earth and space scierice topics. 

• The cbriterit arid niethoddjogy in the courses are applica- 
ble to sound elementary school science programs. Both 
the science content and methods courses use the problem 
solving processes of scierice, such as bbserving, classify- 
ing, measuririg, interpreting data, and experimenting. 
Field and laboratory activities are integrated in science 
content study. 

• Societal ini plication s bf scierice arid techriolbgy are 
addressed in the courses: For example, if a field trip to a 
local electric power plant is a part of an electricity unit, 
students will exarinine the erivirorimental techridlogy used 
iri the plarit td j^reverit air ari^ water poll utidri. The 
nuclear waste issue is studied in relation to the iViissis- 
sippi salt domes; which are presently being considered as 
sites for a depository. Gerietic erigineering, populatiori 
CO itrdl, eriergy cdrisumptidri^ and other topics with 
societal implications are also explored. _ 

• We require three semester hours of science teachirig 
methods with a field-based teachirig cdmpdrient. The 
field experierice involves hands-on problem solving and 
skill development activities. 

• Microcomputers and other current technology used in 
the scierice content and methdds course provide expe- 
rience with the use of these tools in concept/skill 
development. 

• The program nneets all the criteria fdr excellence with 
regard td faculty characteristics. The facujty members 
are well qualified, experienced, competent teachers. Each 
has experience in teaching science in the public schools. 
They are active iri prdfessiorial associatioris arid ^ork 
closely with the Mississippi Department of Education and 
the state public school systems. They encourage and 
model participation iri professional organizations arid 
research irivolvenierit. 

• Science teaching rescurces include well-equipped labora- 
tory facilities, a resource center with an extensive collec- 
tiori of curriculum riiaterials, source books, nnanipulative 
aids, visual aids, cqmputer software, m^icroconi put ers, 
television monitor and cassette player, microfiche reader/ 
printer, and more. Library holdings exceed 30/000 volumes 
related to the program, plus a cdrisiderable cdllectidri of 
chijdreri^'s s^cierice tradebooks. 

Weaknesses of the program^ examined against the crite- 
ria for excellence, include the following. 

• The present four-course content sequence needs to iri- 




9Pn^9r?!? iflpre Earth science. Observational astronojmy; 
the water cycie, the carbon didxide/dxygeri cycle, weather^ 
arid other topics do receive some treatment in the cdiirse 
sequence, but we plan to develop a separate Eaith and 
environmental cdurse. 
• In the science methods course sdme hard choices have 
been made because there is never time to treat ajj areas. 
Pjl?J"ch choice relates to developing skill in writing 
lesson plans, teacher-made tests, and other teaching 
materials. We are aware that preservice teachers heed 
help in planning science lessons and would like to incor- 
P^^^.^^ J^P^^^f this activity in the methods course, but 
lesson planning is heavjiy empha in other methods 
courses. In an effort to assure that the field experience in 
science involves hands-on, exemplary activities with which 
P^^^^**v^^^J^^3chers will experience success, our course 
professors have assumed the majdr respdhsibility for 
planning the lessons so frr\ Lessons adapted from varidus 
curriculum projects are offered as exemplary materials. 

t'^^^^^'^pl^L'T jessdri students can begin to see 
how science should be taught and develdp the confidence 
to try constructing their own materials later. 

• We jieed more ex tensive ongoing evaluation of the pro- 

^° P^°^'^^ ^R"t"^"9 for future modifi- 

cations. We recognize the need, bu^ with the present 
faculty workload we have been unable . o accomplish this 
to our satisfaction. 

• Mississippi has an extensive junidf cdllege system. Appro- 
ximatelv 6d-7d percent of the students in teacher educa- 
^ipj^ -^re transfers from the junior colleges. Because we 
accept transfer credits in labdratbry science to meet our 
core requirements, many graduates in the elementary 
education program have not completed the four-course 
science sequence offered at USM. 

Program Maintenance Needs, Human and Financial 

The key ingredient in the success of our program is role 
"^^^^^I'^g Ay A^l^ teachers o^ each course in the sequence. 
Since administration and teaching of the prdgrarri are the 
responsibijity of the department of science education, it has 
k^.^A possible to be very selective in assigning faculty to 
teach the couj;ses in^ the sequence. The coordinator for the 
preservice elementary science program, Iva ID. Brown, works 
with the chair of the department of science education, 
Bobby N^ Irby, in identifyirig faculty whose teaching philo- 
^^P'^y ^^rees with that of the prdg ram. Faculty involved in 
the prdgram are professionally active in prnmdting science 
educatidn and have records of proven performance in the 
classroom. 

The science resource center is an essential suppdrt facil- 
ity for the program. It costs money to staff the center and 
to keep its resources current. 

Laboratory facilities with basic equipment are required 
for teaching the physical science and biological science 



courses. The science teaching methods cdurse requires a 
wide variety of materials suited to the teaching df elemen- 
tary school science, in quantities sufficient for teaching 
^'^Pyt two hundred children, arid funds for replacing 
expendable items. 

. We struggle to keep the program as cost-efficient as pds- 
sible. Cleariy this program is more expensive to operate 
t^^ri a corn parable sequence of lecture courses. But the 
university continues to sustain it, which indicates that we 
must be giving good value. 

future Changes hi The Program 

_ The Mississippi Boand of Trustees for Institutions of 
Higher Learning maintains an ongoing program review 
process. The board mandated last year that eight semester 
hours of laboratory science be required in the core at all 
public colleges and universities. In a separate but related 
action, they increased the number jof high school c rdits in 
^5l^']*^^_arid rnathematics required for entrance to state col- 
leges and universities. TJle courses in the four-course sdence 
content sequence, which each formerly carried thrlBe 
semester hbuis of credit, must now he offered as four- 
^T^^Lt cdUrses (three hours lecture and one hour lab) to 
meet core requirements. With this change, the classes in 
the four-course sequence total 16 semester hours. Since 
elemertary educatidn majors are still only a^ked to take 12 
hours of science/ teaching may satisfy the require- 

ment with jiist three courses. 

We are planning to restructure the sequence intd three 
courses— physical science. Earth and environmental science, 
^^*^J*^^ ^^^^"^^\'^jl"^_1^3^sic philosophy and approach willjiot 
change, nor will the total number of hdurs required. The 
coritent of all courses will need to be reviewed and mddi- 
fied. 

- Other impending chau^^^^^ to the Education 

Reform Act passed by the Mississippi Legislature in 1982. 
Certification requirements for teachers and accreditation 
standards for teacher education institutions are being re- 
viewed and new guidelines established. Our science methods 
course will evolve to .ilign with the competencies identified 
L^ the Georgia Department of Education plan for perfor- 
mance-based certificatidn, which has been adopted by the 
Mississippi Department of Education. Experiences will have 
to be built into the elementary education program directed 
toward achieving the specified competencies. For example, 
the Georgia plan emphasizes competency in planning and 
organizing materials for instruction. To meet the perfdr- 
inance levels in this area we will have to devote more time 
and effort to wnting behavioral objectives, developing 
compatible teaching procedures: nnd designing evaluation 
inctrumcnls. 

_ P_"r_8o_al for the future is a totally field-based science 
methods course, with prdfessdrs arid preservice teachers 
meeting classes in a public school setting and wdrkirig with 
children as they study various instructional approaches. 
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The ultimate purpose of the Search for Excellence in 
Science EducaHon (SESE) is to provide inspiration 
and guidance to those who. want to improve the 
quality and quantity of science taught in America's precol- 
'j^^ I'^A^iy^J^i^'^?- ?^»r^^3cteristics of good science programs 
and appropriate amounts of science were speHed out in 
Project Synthesis' desired state. The goal of precollege sci- 
ence teaching is to produce citizens who are scientifically 
and techrtdlogically liberate; who know enough about the 
scientific enterprise to make reasoned decisions 3t the per- 
sonal and societal levels, take full advantage of their aca- 
dernic opportunities, arid function effectively in a wide 
range of careers in tomorrow's scientific and technological 
society. 

Can preservice teacher education in science help to pro- 
duce such dtizeris? We believ it can. Both positive arid 
negative evidence supports our belief: As posUive evidence, 
the teachers who developed the SESE exemplary elemen- 
tary school science progrannis reported that the inspiration 
to deyejop ^heir excellent progranls caitie frbrri 
courses or workshops they had taken. As negative evi- 
dence, elementary teachers other than those in exemplary 
programs frequently ascribe a major part of their science 
anxiety to ^ lack pf adequate preseryice training in science. 
School administrators sharje that perception. 

The characteristics of the desired state, for preservice 
^L'^fn^n^^^'y P^o§rams that will eriable teachers to promote 
scientific and technological literacy, were enumerated in 
the first chapter. But a review of the applications for the 
currerit search suggests that many professionals in teacher 
education are not familrar with the SESE criteria. C3rise- 
quently, it is necessary to underline the distinction between 
the elementary science curricula which were developed 
with federal furidirig duririg the 6Ds and 70s, the so-called 
"new" curricula/ and the exemplary elemeritary science pro- 
grams envisioned By: Project Synthesis and exempiified by 
the honprees of the Search for Excellence in Science Educa- 
tidji. Educating j^^^ teachers for the latter is the 

current goal for today's preservice elementary teacher edu- 
cation programs. 

The application forms used for this search for excellence 
were the same as those for searches in the other fields of 
precollege science education. Data were lirriited to the de- 
scriptions ofihe programs supplied by the institutions 
themselves. Due to a lack of funds, there were no site 
y^f l^^^ j^Ltj^PMSMK'^ prily meanirigful indicator of an excel- 
lent preservice program is the success the teachiers 
with children in schools, the searrh application did not 
require iriformatiori about the performance of preservice 
teachers once they were empjoyed by school districts. Sev- 
eral oF the exemplary programs do monitor their own 
graduates, but we did not accumulate data on the compara- 
t^^y^^ff ?ptjy^0^ss of these graduates and those from more 
traditional programs. 

Each prograrh in the preceding chapters was selected 
because of its i*bteworthy progress toward the desired 
state. !f the commendable attributes of all these exemplars 
were combined, we would see a model approaching the 
desired state for preservice elementary teacher education in 
science. No one of the programs by itself is a model of the 
desired state. 

The following is a synthesis of what has been learned 
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^^[^ search. The riairies of iristitutibhs noted in paren- 
theses direct the reader to at least one exampie of each 
observation. The examples in the parentheses, however^ 
are not intended to indicate an ideal state in any area. 

Insights Gieaned Front This Search 

The comnnonality arhong the exemplars suggests that 
9"? °'jb?„^i^lDB_l"}os^ the development of an 

excellent program is vital links among the many people arid 
groups who share an interest in science teaching. Some 
useful interfaces appear to be betvyeen 

• Science educators and natural scientists 

• Science educators, natural scientists, technologists, and 
social scientists 

• Science educators arid the corinnmunity, e.g. business and 
industry and civic groups 

• The university program leader, faculty, and prospective 
teachers, and elementary school administrators, teachers, 
and students 

• Science educators and ihe state education agericy 

• Science educators and foundations interestedin education 
_ A P^ogr^n^'s problem-solving capacity will be enhanced 
by the variety ^nd fruitfulriess of its iriterfaces, and so will 
its ability to meet the SESE criteria: Multiple interfaces 
provide a rich and varied data base which can rnake current 

f ro"^ ^ variety of perspectives available for 
decision making. New strategies based on this data can 
offer new solutions to program problems. A program can- 
hot but benefit from the synergism that results fronm 
networking. 

Each of the preceding exemplars could continue its pro- 
gress toward the desired state by increasing the number of 
*nt_^Tf^c:es that support its program. Since the role of a 
science educator is to be a link among scientists, and betweeri 
scientists and the rest oF a community, it is reasonable to 
expect the science educators on a college faculty to design 
and maintam networkirig strategies. The first step will be 
to persuade the individuals involved of the benefits each 
can obtain from investing in the collaboration: 

Before atteriipting to make specific changes in a pro- 
gram, the persons spearheadirig the development and 
maintenance o£ these interfaces need to develop a comrridri 
vocabulary and context for communication, leading to a 
common set of assurinptions uf?on which the group will 
build. This minimizes poteniia[ for miscdmmliriication, and 
thus builds up the trust essential to any collaborative ven- 
ture. Theri a group philosophy, goals, and the specific tasks 
to alter a program car, be addressed. 

Exceirent Program > Cross Department Boundaries 
__TK"^_^"terface between science educators and natural 
scientists is r;ritical to providing preseryice teachers with 
current content that is applicable to the eJementary science 
curriculum. Decisions about what part of the accrued body 
of science knowledge is appropriate for p>reservice teachers 
and how it should be taught are best made collabdratively. 
Faculty whose primary research and subiequent expertise 
?r^_ J" scierice edu>.atibn know the goals for elementary 
science teaching and the capacity of eleriieritary learners. 
Faculty whose research and expertise are in one of the 
natural sciences know the directions and the cutting edge 
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of work in that science. Together-^ they can develop creative 
approaches to educating preseryice elernentary teachers 
whose students v/iil be adults in the twienty-first century. 

Two models of collaboration between science education 
arid natural science were illustrated by the exemplars: In 
one, the science educators have academic appointments in a 
natural science departme^^^ (Ball State University 

and Eastern Michigan University). In the second, science 
educators have academic appointments in departments or 
colleges of education and collaborate with faculty in the 
natural sciences either individu.iny (Austiri Peay State Urii- 
versity) or jhrough cross-unit committees or councils (Uni- 
versity of Southern Mississippi, University of Toledo, Utah 
yniY"^rsity). A third riiddel, not described by any of 
the exemplars, gives a facuUy member dual appdiritmerit, 
half time in a natural science department and half time in a 
college or department of education. Success appears to 
9rSPL"6 relatioriship betvs^een scien- 

tists and science educators: Faculty provide periddic feedback 
to a pernianent group responsible for program improve- 
riierit, while irriplementirig decisions made by the group. 
Communication does not stop orice the group agrees to 
program changes. 

Even though the success of an educational endeavor 
^^P?^^^ qri the iridividual teacher, individual excellence 
cannot insure that program inndvatidris will become per- 
riianently incorporated in an institution. Having a commit- 
tee or council may seem unnecessary when there is a 
strong individual relatidnship between a scierice educator 
and one or more natural scientists, but there are vital roles 
such a formal structure can play to insure excellence in the 
Idng run. 

• A cross-disciplinary group^ can (expedite program changes 
through the multiple stages the curriculum process re- 
quires in a large university. 

• Even ifj^ersdnnel in the institution change, a council pro- 
videscontinnity. 

• If individuals have a personal falling out, the council 
reriiairis to continue tending to the program. 

• If people beyond the first mteractdrs wish to get involved, 
they can approach a council through known procedures 
more easily than they can intervene in a one-to-one 
relatioriship. 

Within the College of Arts and Sciences at Easterri Mich- 
igan University, four science departments have joined for 
ongoing planning, review, and revision of their program. 
Pi'lL^Jt^A^ ynjversity has a science and mathematics re- 
sourre advisory team representing^ the College df Scierice 
arid Humanities and the Teachers College. Utah State Uni- 
versity has an advisory committee coordinating College of 
Education and College of Science faculty wHd dievelop sci- 
ence courses for the preservice elementary program: 

Couricils should be structured to obtain input from out- 
^l^'^.^h'^.B^y^^PyA^^^ for inviting riew people 

to participate as uses for other areas of expertise appear. 

A uniqueness of the University of Toledo is that it has a 
specific structure to erihance the interface between science 
educators and faculty in educatiorial psychdjdgy arid other 
foundational fields. Teaching teams from Educational Psy- 
chology, Curriculum and Methodology, Educational Media 
arid T^chridldgy, and Social Foundations of Education meet 
in weekly planning sessions. Team leaders meet with col- 
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lege administrators to evaluate the effectiveness of team 
plans. 

Unks. h State Agencies are Vital 

The interface between university science educators arid 
state ediiccitibn agendes is critical to the quality of preser- 
vice elementary teacher education programs; Many states 
are currently examining their teacher certification criteria. 
Others will surely foil dw the example of those who have 
aiready drastically altered their ceftifi cation procedures. 

£omm( nly, graduation requirements in college and uni- 
versity teacher education programs go beyond state certifi- 
catibri requirements. This may change, as more states strive 
to make certified synonymdus with qualified. 

Universities connmonly respond to changes in state certi- 
fication requirements by making the stated requirements a 
framewdrk for their preservice programs. We recommend 
a more active strategy: First, design an optimum program 
based on the SESE Critv*?ria for Excellence in Preservice 
Eleniehtary Teacher Education in Science, using research 
on effective science teaching in elementary schools arid 
what teachers say they wish they had learned as under- 
graduates. Then modify the optimum program by adding 
or altering as necessary to meet the state certificatibri re- 
quirements. 

Hopefully, interfaces between educators and state educa- 
tion agencies will insure that forthcoming elementary 
teacher certification requirements reflect the SESE criteria. 
If this is not the case, it will be up to science educators to 
advocate that their states change the requirements, rather 
than adjusting university prograh: ' to meet undesirable 
requirements. 

University programs are influenced not only by state 
certification requirements, but also by the needs and wishes 
of cooperating school d is tri^ faculty perspectives arid br- 
ganizational needs within the university, and the perceived 
needs of prospective teachers in the target audience. Ail of 
these need to be considered iri designing a program. 

Creniive Course Design Promotes Excellence 

The exemplars deliver science content either through 
cburses specifically designed for, arid jirinited tb, prospective 
elementary teachers (University of Southern Mississippi, 
Ball State University, University of (Seorgia) or through 
standard uriiversity cburses with sections reserved specifi- 
caijy for preservice elemeritar teachers (Utah State Urii- 
versity). Three variations on the latter might be 

• Prospective teachers sit in k-ge group lectures with other 
students and separate into small groups for discussion 
and lab work 

• The course is the same, But prospective teachere are 
taught iri small classes, while other students learn in 
large lecture halls 

• The course labels are the same for all students, but the 
content of preservice teacher sections is tailored to 
teachers' rieeds 

A composite of the characteristics of the scierice courses 
in the exemplars includes _ 

• Experience with materials i^uitable for use in elementary 
schools (Uriiversity of Georgia) 

• Focus on process skills (Eastern Michjgari Uriiversity) 

• The teaching of science methods mixed with the teaching 



of science content (Eastern Michigan University) 

• Instructors modeling gbod teaching (all of the programs 
sejectedj 

• Team teaching by science educators (University of Geor- 
gia, University of Southern Mississippi) or science educa- 
tors arid scieritists teaching together (Utah State Uni- 
versity); 

In addition to being a most effective instructional strategy, 
iritegrating the teaching of science mtthods with the teach- 
^'^B of science conterit, as is done at Eastern Mich igan^ eco- 
nomirps program time, making room to study additional 
topics. 

Twb bf the prbgram strengths exhibited by all the exem- 
plars were their trairiirig iri the processes of science (observ- 
ing, classifying, measuring, interpretjng, predicting, arid 
experimenting) and their incorporation of ihe biological, 
physical, arid Earth sciences. However, the Earth sciences 
appear to need^more attention before we will have attained 
a balance among all the disciplines, even in these exemplary 
programs. 



Eccelknt Programs Integrate Science, Jechnotogy, and Society 

Overall, there is still a need to develop procedures which 
provide prospective teachers with a significant understand- 
ing of the societal iriiplicatioris bf science arid technology 
(S/T/5). All the programs reported that they attend to 
S/T/S, but there was little to provide guidance to the reader 
on ways tb do it". 

Developing two related interfaces would cdritfibute tb 
significant S/T/S education. They are the interfaces among 
scierice educators, natural scientists, technolojgists, and social 
scieritists, arid those betweeri the scierice educatbr and the 
community: These links will allow inservice teachers to use 
the contacts tHey made during their undergraduate years 
to bbtain S/T/S resources, including human expertise, 
equipment, printed riiaterials, riiedia, and access to physical 
sites away from school. Since teachers cannot berome 
experts in all the disciplines, and schools usually have limited 
budgets for science equipriient, programs need to use the 
community as a resource for teaching scierice iri the class- 
room and outside the school. 

Community volunteers can supervise children, guide chil- 
^r^'^ J^^P^gl^ '^^rning ceriter acti^^ arid help teachers 
develop expertise on a topic (Austiri Peay). Field si^es, such 
as ari electric power plant (University of SoutherrL Missis- 
sippi), br a dairy farm and a weather station (Ball State) 
highlight the relevance of teaching basic science and 
technology. 

Excellent Programs Stress Safety 

Provisions to teach an understanding of how to ensure 
safety when teaching science were conspicuous by their 
absence from these programs. Ball State and Utah State 
y^A^? A^AP'l^y reports even mentioned the 

need for classroom safety training. 

Excellent Programs Build Positive Attitudes 

Success experiences built into undergraduate prbgrariis 
appear to be the key to mitigating science anxiety and 
assuring that preservice science teachers will have positive 
attitudes toward teaching science. The pbtential for success 
experiences can be increased by developing a degree of 
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individualization in courses and programs, matching re- 
quirements to students' backgrounds and needs (Utah State 
University). 

Prospective teachers can experierice success when they 
are given a relatively safe environment in which to take 
risks, be creative, and try their own ideas in designing; a 
?'^l^"'^?J"y?5^^^S^^'^^^^ (B^ll State University). Opportunities 
for experiential learning increase potential for success, arid 
help teachers understand the importance of hands-on 
teaching in elementary science. They overcome anxiety 
^'^^" ^^^y_^^^ ^^i^Pl^J^bdratory materials that are in the 
average school already, or can be purchased inexpcrtsively 
or collected from home (Eastern Michigan University): 

Another way to create successful experiences for preser- 
vice teachers is to teach scierice iri a context that makes its 
concepts relevant to J:Be learner. Emphasizing relationships 
among the sciences, S/T/S, and human values makes science 
''^'^.^^".t J^ is meaningful it is perceived as eas- 

ier to understand. Prospective teachers learn more. Perceiv- 
ing themselves as successful learners of science builds their 
self-corifidehce, vs^hich contributes to a positive attitude 
toward teaching science. 

Providing early field-based experiences with science 
teaching is still another way to build positive attitudes 
(University of Toledo). The experience of these exemplars 
suggests the value of teaching prcspective teachers to teac!i 
in incremental steps — beginning with cognitive informa- 
tion about an instructional technique, sampling its use by 
^^^^hing one's peers in the safety of the college classroom, 
and then using the technique to instruct children iri schools. 

Excellent Programs Provide Early and Continuous Experience with 
Children 

_ the interface between an institution of higher education 
(IHE) and the local school districts facilitates 

• Iriiprbvemerit in the school districts' elementary science 
programs 

• Opportunities throoghout the college program to t:ach 
science to children in schools 

• Student teaching which includes experience in ooth plan- 
"^DS ^^^J^^A^bv^g ^^1*^"^^ to elerrieritary school students 
The University of Toledo and AuStin^Peay State Univer- 
sity both deliberately design their teacher education pro- 
grams to serve as change strategies for improvement in 
their cdoperaiing schools. Austin Peay's particular contri- 
bution is the scRool-site science center, a model for a formal 
structure to enhance relationships between a university 
and a school district. It provides opportunities for a variety 
of interactions among the IHE prdfessdr, preservice 
teachers, inservice teachers, children in school, and com- 
munity volunteers. Prospective teachers learn to perform 
^^^'^ ^A_tt^"i^ A^^^t are not equipped with ideal apparatus, 
as they and their peers generate materials for the center 
This model also addresses the preservice teacher's need for 
a trarisitiori to full time teaching by creating a continuum 
from preservice to inservice education. 

Utah State University has structured a permanent plari- 
riirig committee to guide its portal school, composed of uni- 
y^r^^^y f^c"J^y niembers, teachers, principals, and represen- 
tatives of the univereity laboratory school. 

In traditional programs, preservice teachers have their 
first contact with students in their third undergraduate 
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year. Many universities also have a significant number of 
students who began their college careers iri twcnyear insti- 
tutions, with no opportunity for student teaching expe- 
rience. An outstanding feature of ifie exemplaiy programs 
^L^h^ y^iversity of Toledo, Utah State University, and Ball 
State is that prospective teachers begiri iriteracting with 
children in schools during their first year of college: 

Excellent Programs Convert Research into Practice 

Features unique to the University of Georgia are the 
significant number of highly productive science education 
researchers and their capacity for translating i^ . . . h into 
practice to improve science teacher education. 

Excellent Programs Have Excellent Facurties 

Since teachers teach as they vs^ere taught, it is essential 
that the people who teach scierice to preservice teachers 
model desirable behaviors. Then, the analysis of the 
instructor's teaching can be an integral part of science 
informatidri. 

Faculty at each of the exemplary iristitutibris have expe- 
rience in teaching precollege science and interest in provid- 
ing high quality instruction. While some faculty have access 

'^^[^'^^^"l^^^ ^'^^9"^^^^^"t^rs on cariipus (University of 
Georgia, Eastern Michigan University) and others use facili- 
ties in local school districts (Austin Peay State University), 
they all model e: nplary teaching ^nd professional be- 
haviore. 



Looking To The Future. . , 

As scierice educ^ we need to continue to develop 
program-j which reflect the SESE criteria for teaching science 
in the elementary grades, and ensure that prospective 
teachers 

• "l^?^s?^*y P?^^ scientific, arid technologi- 
cal skills and knowledge 

• Function effectively in settings ranging from those with 
fine currerit riiaterials, equipment, and laboratory aides 
to thoFe that lack proper support 

• Can adjust creatively to the changes in science teaching 
that will be required of them throughout their careers in 
the classroom 

• Are, themselves, adults who function as reasdriirig, 
decision-making citizens in this scientific and technologi- 
cal society 

One cautidri is in order. In our zeal to move forward in 
response to the demands of rapid change, we must be judi- 
cious and not "throw the baby out with the bath water." 
That which experience has shown to be of value should be 
retained: We will, for example, continue to teach process 
skills, while seeking bold new approaches. 

A? these exeriiplars and those who follow their example 
attain the desired state for preservice eleriientary teacher 
education in science, we will be meeting the need to improve 
the quality and quantity of science children learn in the 
elemeritary schools of our nation. Prospective teachers will 
be willing and able to meet the challerige of preparing their 
students for the dramatically different world those stu- 
dents will inhabit as adults in the twenty-first century. 
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